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SUMM4RY

In order to determine the effects of thic?mess, trailing-edge blunt-
ness, boattailing, and fozward profile on the aerodynamic characteristics
of thin airfoils, and to provide a check on the available theoretical
methods, 31 airfoils were tested. The airfoils were 2, 4, and 6 percent
thick and were tested at Mwh numbers of 1.45 and 1.98 at Reynolds numbers
of 1.0, 2.0, and 3.5 million in a clean condition and at a Reynolds number
of 3.5 million with transition fixed.

The aerodynamic advantage of very thin airfoils was shown by a rapid
increase of maximum lift-drag ratio (e.g., from 5.8 to 14.4 at M = 1.45
and a Reynolds numiberof 1.0 million) as the airfoil thickness ratio was
decreased from 6 to 2 percent. Increased trailing-edge bluntness of the
6-percent-thick airfoils caused a small decrease in msxbmlm lift-drag
ratio but a large increase in section modulus; for the 2-percent-thick
airfoils, increased bluntness caused a large decrease in maximnm lift-
drag ratio with only a small increase in section modulus. This has
special significance for propeller designers in that it indicates that
propellers whose blade elements operate at supersonic speeds should have
blunt trailing edges for the thick sections near the hub and relatively
sharp trailing edges for @e thin sections near the tip. The importance
of maintaining a lsminar bounda~ layer on very thin airfoils was shown
by the decrease of maximum lift-drag ratio from 14.4 to 3.1.9caused by
fixing transition at the kading edge of a sharp-trailing-edge 2-percent- ‘
thick airfoil at a W.ch number of 1.45. The effects of the different
forward profiles and changes in boattailing were genemlly such that a
reduction in profile area reduced the minimum drag coefficient. The
center of pressure of the airfoils moved forward with increased thickness

k

-.

* %upersedes recently declassified RMA54BO& by Elliott D. Katzen,

d Donald M. Kuebn, and Willism A. Hill, Jr., 1954.



2

ratio and moved tit with increased trailing-edge bluntness.
.

Available
theoretical methods were adequate for calculating the lift and pitching
moment of the airfoils under all conditions of the tests.

—
The theoreti- b

cal methods for calculating foredrag and,correlation curves for estimating
base pressure were adequate for predicting the total drag when the tran-
sition position was known.

INTRODUCTION

Although thin airfoils have inherent structural limitations, they ‘
are an aerodynamic necessity for wings, control surfaces} and propeUers
in order to attain practical lift-drag ratios for supersonic airplanes
end missiles. The structural Imitations of thin airfoils can be aXLevL-
ated by making the trailing edges blunt and by increasing the srea of the
boattailed and forward perts of the profile. Howeverj the aerodwamic
penalties, if any, involved in these increases in profile area must be
evaluated and balanced against the structural improvements they afford.

—

The best means of assessing bluntness and other thickness effects, with-
out having the results obscured by plsn-form effects, is by the,study of

d

two-dimensional data.
—

*
Most of the experimental data available on blunt-trelling-edge air-

foils (e.g., refs. 1 through 3) pertain to thickness ratios greater than
5 percent. Since gains in aerodynamic and propulsive efficiency are to
be expected with further reductions in thickness ratio, data are required
for smaller thickness ratios. For these very thin airfoils, the boundery-
layer thickness is often the seineorder of magnitude as the a$rfoil thick-
ness and large viscous effects are to be expected, particularly new the
base of the model. Thus, experimental evaluation of the avai.idle irrvis-

cid theories, such as the linear, second-order, and shock-expansion
theories, and of the analytical results of references 1, 2$ 4, ~, and 6
is required.

The purpose of the present investigation, therefore, i.sto provide
experimental data on thin, blunt-trailing-edge airfoils for evaluating
the effects of thickness, trailing-edge bluntness, boattailing, and for-
ward profiles, and to furnish a check on the available theoreti.csJ-
results. To accomplish these aims, 31 airfoils were tested in the Ames
l-by 3-foot supersonic wind tunnel~o. 1 at l!achntiers of 1.45 end
1.98 and at Reynolds numbers of 1.0 to 3.5 million.

SYMBOLS

cross-sectional area of airfoil profile, sq in.

length of boattailed section, in.
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section

section

section

section

chord, in.

drag coefficient

base+ag coefficient

minimum drag coefficient

minimum foreilragcoefficient

wing drag coefficient

section lift coefficient

rate of chszqgeof Uft coefficient with angle of attack at
zero angle of attack, per zwuiian

section lift coefficient for maximum lift-drag ratio

wing lift coefficient

section pitching-moment coefficient about midchord position

wing pitching-moment coefficient about midchord position

trailing-edge thickness, in.

section moment of inertia about chord line, in.4

section modulus, in.3

section maximum lift-drag ratio

Mach nuder

ratio of base pressure to free-stream static Qressure

Reynolds number based on chord

maximum thickness of airfoily in.
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Axcop.

a

$

Y

distsnce of center of pressure forward of midchord position
in chord lengths

angle of attack} deg

J“

ratio of specific heats (1.400 for air)

EXPERIMENTAL C!ONSIDER.NITONS

Apparatus

The tests were conducted in the Ames 1- by s-foot supersonic wind
tunnel No. 1 This single-return, continuous-uperation,variable-pressure
wind tunnel has a Mach number range of 1.2 to 2.5. The Mach nuniberis
changed by varying the wall contour by use of flexible plates which com-
prise the top and bottom walls of the tunnel. .

The side-support balance used to measure the aerodynamic forces, and
a ~ical two-dimensional model installation are shown in figure 1. Since v
this is the first report in which data obtained with this balance have
appesred, a more complete description of the balance is given thsn would
normally be the case. The two-dtme~ional installation includes a
through-span model, two boundsry-lqyer plates, sad two complete balance
units, one located on each side of the tunnel (only one balance unit is
shown in figure 1). The model is supported at each end by the balance
floating besm, which is, in turn, supported entirely by a set of six
(the yawing-moment gage is not shown) interchangeable ring-type strain
gages. These gages are attached to the main body of the bslance through
insulated supports. The complete unit of test model, floating besm, and
ring gages comes in contact with the main body of the balance only through
these insulated Supportsj thereby permitting electrical contact to detect
fouling of the unit. The balance is rotated by an electric motor driving
the worm gear mechanism on the tin body of the balance. An airtight
drum fits over the entire balance unit end is vented to free-stresm static
pressure. Calibration of the balance showed that interaction effects
between components of the balance were negligible.

Tunnel-wall boundsry-layer effects are eliminated by the use of two
parallel boundary-layer plates 8 inches apart which are alined with the
tunnel free stream and which remain f~ed with respect to the main tunnel
wsUs. The spacing between the tunnel wall and the boundary-layer plate
is such that all side-wall tunnel boundary layer flows behind the plate.
Circul= plates in the boundary-layer plates rotate with the model so as
to maintain a uniform, preset clearance sround the model surface and
model shanks. The surfaces of the circular plate and the boundery-layer
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plate raain flush to within 0.0015 inch. A fairing wliichcompletely
envelopes the model shsnk} thereby relieving it of any air load, is an
integral part of the rotating circular plate and is connected solidly to
the balance housing. The model shank is pinned directly to the floating
besm. Clearance around the model surface =d model shank was maintained
at all tties so that the full air losd on the wing would be transmitted
to the ring gages. The cle~ance between the wing surface aud the
boundary-layer plate was preset at approximately 0.030 inch for sll the
two-dimensional wings (see fig. 2(a)). An auxiliary test srrsngement,
used only with a semispan wing, which eliminates the O.030-inch gap by
using a O.007-inch-thickrubber seal is shown in figure 2(b). The semi-
span wing uses only one balance and boundary-l~er plate; the other
boundary-layer plate is replaced by a conventional 18-inch-dianeter
window.

Models

All the airfoil sections used in this investigation are shown in
. figure 3. Each of the 31 sections was derived from one of four basic

shapes (having three different forward profiles); namely, (1) biconvex
(i.e., two circular arcs), t/c = 0.04, (2) biconvex to the midchord point*
with the maxinum thickness constant to the trailing edge, t/c = 0.04,
(3) bfconvex to the one-thfidchord point with the maximum thickness
constant to the trailing edge, t/c = 0.02, 0.04, and 0.06, and (4) NACA
16-004. Seven individual sections were obtained tiom each of the four
blunt airfoils by altering the basic profile, as shown in figure 3.
In each case, the amounts of bluntness were 100, 60, 30, and O percent
of the airfoil maximum thiclmess. The boattail psrameter used in the
investigation was the ratio of the length of boattail section to the
chord length. For the basic airfoils biconvex to c/3, the b/c ratios
were 0.05 and 0.33; for the basic airfoil biconvex to c/2, the b/c ratios
were 0.05 and 0.50. The biconvex airfoil was not altered. One alteration
was made to the NACA 16-004 airfoil by increasing the trailing-edge blunt-
ness to 30 percent with the boattail a straight line from the base tangent
to the original profile. Each of these airfoils had a chord length of
6 inches and a span of 8 inches between boundary-layer plates.

Two other wings were used to evaluate quantities necessary for the
complete analysis of the main airfoil data. They were (1] a 3/4-inch-
chord wedge with a base height of 0.180 inch and a span of 8 inches
between bounilary-lsyerplates, (2) a 6-inch-chord, aspect ratio 2, double-
wedge, 6-percent-thick wing with a gap that could be sealed (see fig. 2).

The airfoils with blunt trailing edges had a 0.020-inch-diemeter
base-pressure orifice located symmetrically in the base tith the pressure
Zead brought out at the root of the wing. All lesding edges,.except for
the NACA 16-004 airfoil, and all sh~ trailing edges had radii of
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approxtiately
te?mnce. The

0.002inch for practical re’asonsof construction and main-
ordinates for the NACA 16-004 section sre given in tdble I.

Test Procedure

The airfoils were tested at Mach nunibersof 1.45 and 1.98 and at
Reynolds numbers of 1.0, 2.0, and 3.5.mtZlion at each Mach nuniberwith
the airfoil surface clean. At aRejnolds number of 3.5 million, the air-
foils’were a@o tested with q l/k-irich-widesalt baud starting 1/4 inch
from the leading edge. At a Mach number of 1.45, the angle-of-attack
range was Uuited to *6° due to the movdent of the diffuser normal shock
wave into”the test section of the wind tunnel. However, at a Mach number
of 1.98 sn angle of attack of *18° wss attained before this phenomenon
occurred. Simultaneous measurements of total force and base pressure
were made at ea@ mgle of attack. For all tests the humidity of the
tunnel air was held to a value of less than 0.0003 pound of water vapor
per pound of dry air which is sufficient to”reduce conden’sation,effects
to a negligible:amount. 9.

Since a salt band was used to promote boundery-layer transition,
it was necesssxy to evsluate the wave drag of the salt. For this purpose *
a 3/4-inch-chord-wedge{see fig. 3) was tested at zero angle of at,tack
at both Mach-numbers tith and tithout the salt band. An atteupt was made
to standardize the size of,salt crystals used by sifting through two”
screens of different.mesh size thus eliminating all the very lage and the

,—.

very sm&Ll crystsls. Several rep&at runs were made to clieck’theconsist-
ency tith which the salt bands could be applied. The tests indicated
that the salt-band results could be repeat~dvithin the values of uncer-
tainty in drag coefficient stated later in the section ‘Accuracy of Datar’;
that is, the differences between runs with the salt band were no Lerger
than diffaences between repeat runs without the salt band. For tests
of the wedge with and without salt, the total force and.the base pressure
were measured and the results corrected to foredrag. The difference
between the foretiag results with and wit&out salt was tsken as the cor-
rection for the wave drag of the sslt.

The effect of the clesrance eround the airfoil at the wing root on
the aerodynamic forces was evaluatedby using identical wimg shapes with
the gap around one of the wings sealed with a 0.007-inch-thick rubber
seal. The change in strain-gage calibration”’caw-ed by that portion of
the applied farce required to stretch the el”&rticrubber seal was deter-
mined sud found to be negligible by a static-force calibration with model
and balance installed in the tunnel. The do-uble-wedge,semispan tings
used for this check were run at the same test conditions as were the two-
dimensional airfoils. Results of the ~ tests, described later, showed
that the effect of the gap was insignificant.

.r

v
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Reduction of Data

All force data were reduced to the usual ctifi~ient form for drag,
lift, and pitching moment. The reference length and area used for the
coefficients were chord krigth and plan-form area, respectively. In
addition to the total drag for ~1 wings, the foredrag has also been pre-
sented in some instances. Base-pressure coefficients are given in the
form of the ratio
pressure.

of base pressure to the tunnel free-stresm static

Corrections to Experimental Results

Corrections to the measured force coefficients were computed for the
wave drag of the salt band, f6r irregularities of the free-stream pressure
snd stresm angle, and for the change in angle of attack due to elastic
deformation of model and balance.

.
The correction (described in detail in the section “Test Froceduret’)

which was a~lied to the main airfoil data for the wave drag of the salt
$ band is an average of several rurismade with the 3/&inch-chord tidge.

The resulting values, expressed in drag coefficient form, are 0.0035 at
a Mach number of 1.&5 and 0.0022 at a Mach.nwiber of 1.98. This correc-
tion was determined at zero angle of attack only, but it was ~lied as
a drag-force correction at all pmgl.esof attack. It is believed, however,
that the error introduced by thid method of correction is of no practical
consequence.

.,“
Since the airfoil was rotated ~out its midchord point and therefore

always remained in nearly the same region of the tunnel stream, a single ‘
correction for stre?m angle sufficed throughout the angle-of-attack range.
This stresm-sngle correction, which was smsll, sad, in general, different
for the lift and moment curves, included the amount that the model augle
of attack was in error at the initial installation and any asymmetries in
construction. The correction was applied very simplyby shifting the
lift and moment curves so that they would pass through the origin of the
axes. Corrections to the force and moment coefficients due to free-stresm
pressure gradients were negligible for the drfoils of such small.thick-
ness ratios as were used in this investigation. The combined elastic
deformation of the model and balance for all wings was negligible for aU
test conditions.
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Accuracy of Data

NAM TN 4039

The accuracy of the final perimeters used in the data analysis has
been estimated by considering the known accuracy of the individual quan-
tities used in determining these final velues. The total uncertainty is
given by the square rootof the sum of the squares of the individual
uncertainties. These uncertainties ere given as * increments in the
following table:

I M c~ RxlOO AM Ac~ &d Ah A!X

1.45 0 1.0 * 0.01 *o .005 *o .0010 +0 .0016 *O.1O

1

0 3.5

!

*.002 **()(3(34*.0005
~ 45 1●o *.005 *.0013 *.0030
%45 3.5 *.(302 *.0008 *.0030

1.98 0 1.0 *.02 LO05 *OOO1O *.0016

i

o *.002 **0004
%80 t:

i

*.0005
*.012 *.0051 *.0030

Z*8O 395 &*m’=j *.0020 *.0030 I
Repeatability of data was checked by msking several runs with a given

model and was found to be consistent with the above values. In addition
to the above quantities, another source of uncertainty is introduced by
the gap around the airfoil at the root of the wing. The effect of the
gap on the aerodynamic characteristicswas estimated from the semispan
data shown in figure 4. Since the difference between the runs with and
without gap was no more than that for a given model with a gap run twice,
the effect of gap was negligible.

THEORETICAL CONSIDERATIONS

Lift and Pitching Moment

Two theoretical methods of calculating the lift and pitching moment
were used in the present report. Second-order theory was used for cal-
culating the slopes at a = 0, and shock-ex@nsion theory was used at the
higher angles of attack where nonlinearities are to be e~ected and
greater accuracy than that of second-order theory is required. The
second-order formulas used for the slopes at a = O (ref. 1) were:

.

—

-..

%=2’.(’+%:) (1)
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.
where

.

and

.

C’=*

(7 + l)M4 - 4(M$ - 1)
C2 =

2(F - 1)=

9

(2)

(3)

(4)

Formulas 1 and 4 neglect the base pressure but it was shown in reference 1
that the error involved in excluting the base pressure was negligible for
lift and pitching moment.

Drag

The drag of the airfoils-was pre~cted by adding calculated values
of the pressure foredrag, skin-friction drag, and the base drag. The
pressure foredrag was calculated by shock-expansion theory for all the
airfoils. For the two round-leading-edge sections (NA@L 1.6-cx14airfoils
with h/t =o-1’l/t= 0.3), the calculations were made by approximating
the leading edge with the largest wedge angle for which the leading-edge
shock wave remained attached. Laminar skin-friction coefficients were
estimated from the Blasius flat-plate incompressible theory since differ-
ences are negligible at the test Mach numbers between this theory and the
more accurate theories which account for-compressibility. Turbulent skin-
friction coefficients were estimated from Co_pelstheory (ref. 7) since
various experimental results summarized by Chapman and Kester in refer-
ence 8 have shown this theory to be as accurate as any of the available
theories at the Mach numbers of the test. No estimate was made of the
skin-friction coefficients for the Reymolds numbers for which nati
transition and part laminar, part turbulent bounda~ layers were indicated
on the airfoils because the location of transition was not lamwn. The base



10

drag
base
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was estimated from the correlation plots of reference 9. Both the
drag and the skin-friction drag were assumed constmt with angle of

attack. -

Lift-Drag Ratio end

The maximum lift-drag ratio

OptimumLift Coefficient

was calculated fra the foXlowing second-
order equation of reference 1 which is applicehle for

The optimum lift coefficient

(#&-y2(l+iz)

was calculated from

.

.

small values of h/c:

(5)

(6)

which was derived from the formulas of reference 1.

RESULTS AND DISCUSSION

Results of tests of the 31 airfoils are presented in table 11 in the
form of lift, drag, and pitching-moment coefficients and base-pressure
ratios as a function of angle of attack. The coefficients are averages
of the values measured for both positive and negative angles since the
airfoils were symmetrical about the chord plane and the differences for
the positive and negative angles were small end consistent with the uncer-
tainties in the data listed previously. Since the data are tabulated,
the only basic plots shown (figs. 5 through 8) are typical lift, pitching-
momenty drag, and lift-drag-ratio curves. The trends of the data with
the parameters of the test (t/c, h/t, b/c, forward profile, M and R) end
theoretical and e~erimental correlation plots me shown in figures 9
through 16. The expertiental results of the test, with theoretical pre-
dictions for comparison, are summarized in table III as lift-curve and

.

moment-curve slopes at a = O, minimum drag coefficient, meximum lift-tiag
s-
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ratio, and lift coefficient for maximum
discussed in the following paragraphs.

Lift

IL

lift-drag ratio. The results are

Typical.lift curves are shown in figure 5. The figure shows that the
lift at any given sngle increased with trailing-edge thickness and was
relatively unaffected by airfoil thickness ratio as predicted by theory.
The predicted departure from linearity with angle of attack was slightly
less than that measured.

.

.

Examination of table III shows that the normalized lift-curve slopes,
Pc2aY sre principally a function of h/c and that there was no consistent

variation of Bcza tith t/c, b/c, forward profile, R and M. The nor-

malized lift-curve sbpes are plotted against h/c in figure 9 for SU
the models. The mean of the data closely followed the predicted increase
in Pcza with h/c. The spread in the data due to variations in t/c

snd the other parameters mentioned above did not produce deviations from
the predicted curve by more than *7 percent, with but few exceptions.

Pitching Moment and Center of Pressure

Typical.pitching-moment coefficients are shown as a function of lift
coefficient in figure 6. The data sre for sharp-trailing-edge airfoils
2 and 6 percent thick in figure 6(a) and sre for 6-percent-thick airfoils
with both sharp and full yblunttrailing edges in figure 6(b). The figure
shows that at a given llft coefficient and trailing-edge thickness ratio,
the effect of increased airfoil thiclmess ratio was to increase the
pitching-mcment coefficient. However, for given thickness ratio, the
pitching-moment coefficient decreased with increased trailing-edge thick-
ness. Although the predicted pitching-moment curve was slightly more
nonlinear with lift for the 6-percent than the 2-percent-thick airfoils
and the reverse occurred experimentally, the agreement between theory and
e~eriment was”good.

The foregoing trends of lift and pitching-moment coefficient are
reflected in the forward movement of the center of pressure (fig. 10)
with increased airfoil thickness ratio and in rearward movement with
increased trailing-edge bluntness. For the sharp-trailing-edge airfoils
shown, the center of pressure moved from 2 to 8 percent of the chord for-
ward of the midchord position at M = 1.45 with an increase in airfoil
thickness ratio from 2 to 6 percent. Illustrating the opposite trend
with increased trailing-edge bluntness, the center of pressure shifted .
from 8 to 4 percent of the chord forward of the midchord position for the
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6-percent-thick airfoil at M = 1.45 with an increase from zero to full
.

bluntness. The center of pressure was generally 1 to 2 percent of the
chord further forward at M = 1.45 than at M =1.98. This was a trend .
not predicted by theory. The effect of b/c and of forward profile,
with t/c and h/t fixed, was generally to shitt the center of ~ressure
forward with ticressed profile area. The variation of the center of pres-
sure with Reynolds number can be seen from table 111 to be less than kO.5
percent of the chord in most cases.

It canbe seen from figure U. that the predicted and experimental
center-of-pressurepositions usually agreed within 1 or 2 percent of the
chord, with better agreement at M = 1.98 than at M = 1.45.

An exsrqpleof how two-dimensional section data csnbe combined with
lineer-theory tip effects to predict the pitching mcrnentof a finite
aspect ratio wing is shown in fQure 4. It canbe seen that s~erimposing
thickness effects, as givenby second-order theory, on linear-theory tip
effects imprwes the prediction of the pitching moment over that which
would be calculated with thickness effects neglected.

.

Mire&mm Drag Coefficient
“

The variation of minimum drag coefficient with airfoil thickness
ratio and trailing-edge thickness ratio is shown in figure 1.2. Data
included pertain to various forward-facing profiles and boattail condi-
tions, with transition fixed at R=3.5x10s and with the airfoils in a
clean condition at R=l.OXLOS. The data manifest a rapid increase in

Cdmin
with increased t/c or h/t and a decrease in c& with increased

Mach nuriber. The percentage increase in c~n tith increased h/t was
larger for the 2~ercent than the 6-percent-thick airfoil, as would be
inferred from the theoretical optimum-airfoil results of reference 3. At
M= 1.45, c- increased approximately 40 percent (or O.012) for

6-percent-thick airfoils and 100 percent (or 0.006) for 2-percent-thick
airfoils, with an increase in h/t from O to 1.0. The effects of changes
in the basic airfoil and in b/c were such that, generally speaking,
reduction in profile area, regadless of position on the airfoil, reduced

%lin”

The effect of fixing transition at the leadtng edge of the airfoils
is also illustrated in figure 12. The increase in

C%nin
shown -S

usually due to an Increase in base drag, as well as to an increase in
skin friction. It canbe seen frcm table III that the effect of increased
Reynolds number on the airfoils in a cleen condition was to increase

C%cin” This indicates that the transition region was mvlng forward on
w

the airfoil surface with increased Remolds nuniberbecause
C%in

would
G
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be expected to decrease with increased Reynolds number if the boundary
layer had remained completely laminar.

The theoretical and experimental c- were generally in good

agreement, as can be seen in the correlation plots of figure 13. The air-
foils for which the predicted drag coefficients were slightly higher than
the experimental coefficients usually had sharp trailing edges (table III).
This is prolably a result of the shock wave near the trailing edge inter-
acting with the boundary layer and causing increased pressures and reduced
drag on the rear portion of the airfoils, as first pointed out in refer-
ence 10. For the blunt-trailing-edge airfoils, the trailing-edge shock
wave occurs further downstream, and the pressures on the resr portion of
the airfoil ecpparentlyare not increased. The data of figure 13 are pre-
sented as total-drag, foredrag, and base-drag coefficients for R=3.5x106
with transition fixed and R=l.0X108 with the airfoils in a clean condi-
tion. With transition fixed at R=3.5x108, skin-friction and base-pressure
coefficients corresponding to a turbulent boundary layer were used in com-
puting the theoretical

C%lin” With the airfoils in a clean condition at

R=l.OxlOs, skin-friction and base-pressure coefficients corresponding to
a laminar bound- layer were used in computing the theoretical c- .

That the boundsry lsyer was laminar over most of the airfoil is indicated
by the good agreement between theory and experiment for the foredrag. The
increase in base drag over the predicted values suggests that transition
Is occurring near the base, thereby decreasing the experimental base-
pressure ratio and increasing the base drag.

~eOretical “c&in ‘s not
calculated for R=2.0x10e and R=3.5xl.0e with the airfoils in a clean
condition because the location of transition on the airfoils was not known.

Reference 7 shows that base pressures at a given Mach nunibercan
be correlated on the basis of the ratio of the boundary-layer thickness
at the base to the base height. Since the boundary-layer thickness at
the base of the airfoils with transition fixed near the leading edge was
undoubtedly different than for natural transition which did not occur
near the leading edge, the base pressure with transition fixed would not
be expected to coincide tith the base pressure with natural transition.
That they did not coincide can be seen from table 11. At R=3.5x10e
the base-pressure ratios for natural transition (airfoils clean) were
higher than those for transition fixed. However, the differences were
not large and the differences were smaller at M . 1.98 than at M = 1.45.
In general, figure 13 shows”that errors in the base drag of thin airfoils
do not seriously affect the prediction of the total drag.



14 NMx m 4039

Drag Due to Lift and Lift-Drag Ratio
.

.

Typical variations of drag coefficient and lift-drag ratio with lift
coefficient are shown in figures 7 and 8. The ‘bag cties were parabolic
and the agreement between theory and e~erimeni was good. The drag coef-
ficient increased with increased trailing-edgebluntness at a given lift
coefficient; the increase occurred at a decreasing rate with increased
lift coefficient. The lift-drag-ratio curves were more sharply peaked
for the 2-percent than for the 6-percent-thick airfoils and for the sharp-
than for the fully blunt-trailing-edge airfoi~s. Furthermore, the lift
coefficient for (l/d)mx decreased with decreased t/c and h/t. These

trends naturally result from the behavior of .cd~n and are in good

agreement with theory.

Maximum Lift-Drag Ra’t$o

The vsriation of maximum lift-drag ratio with airfoil thickness
.

ratio and trailing-edge thickness ratio is show in figure 14. The aero-
dynamic advantage of very thin airfoils is illustrated by the rapid
increase of (l/d)mx with decreased “t/c for the sharp-trailing-edge

w

airfoil in a clean condition at R=l.0x108 and M = 1.45; the (l/d)u
increased from 5.8 to 14.4 with a decrease in. t/c from 6 to 2 percent.
The increase of (l/d)ma with decreased t/c was larger for the sharp-
than the blunt-trailing-edge airfoils, and the effect of increased h/t

.-

was to decrease (t/d)max. The decrease was small for the 6-percent-thick
airfoils and becsme larger with decreased t/c● The effect of the dif-
ferent forward profiles and changes in b/c were generally consistent

~~~, ‘he C%n
results in that reduction iriprofile area increased

● Increasing the Mach number from 1L45 to,ls98 caused a luger ‘“ -
decre~~”in (l/d)m for the 2-percent than for the 6-percent-thi& air-

foils. .Itis also evident from fig~e 14 that large g&lns in (l/d)m
can be achieved by maintaining a lsminar bofidary layer on very thin air-
foils. For the.2-percent-thick sharp-trailing-edgeairfoil at M = 1.45,
(l/d)ux was 14.4 for the airfoils.ina clean condition at R=l.OxlOs

and 11.9 with transition fixed at R=3.5x106. .

In order that the vsrious airfoils may be compared on the basis of
both an aerodynamic and a structural criterion, a plot of the variation
of (l/d)-’ with section modulus is shown in fi~e 15. The fbw=
shows that large smounts of bluntness of the 2-percent-thick airfoils
resulted in large decreases in (l/d)mm but OtiY ~~1 increases in $ec- W

tion modulus. In contrast, large increases in trailing-edge bluntness
of the 6-percent-thick airfoils caused small decreases in (t/d)H and P
large increases in section modulus. These trends wouldbe essentially
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the ssme if structural parameters other than section modulus, for instsmce,
torsional rigidity or bending stiffness, had been chosen for comparison.
The results have special significance for propeller designers in that they
indicate that prgpelkrs whose blade elements gperate at supersonic speeds
should have blunt trailing edges for the thick sections near the hub and
relatively sharp trailing edges for the thin sections near the ti~. It
should be pointed out that airfoils designed to have the minimum wave drag
for a given structural criterion (refs. 4 and 6) and for the &lachnuniber
and Reynolds nuniberconditions of these tests have smaller leading-edge
angles than the airfoils tested. For the 6-percent-thick airfoils espe-
cially, it is believed that if airfoils with the same structural charac-
teristics but with smaller leading-edge agles had been tested, higher
msximum lift-drag ratios would have been obtained.

The good a~eement between theory and experiment for CZa sad C&

is mirrored in the good agreement for (Z/d)m shown in figure 16.

CONCLUSIONS

An investigation to provide experimental aerdymmic data at Mach
nunibersof 1.45 and 1.98 on thin, two+tiensional.j blunt-trailing-edge
airfoils afforded the followlng conclusions:

1. The aerodynamic advantage of very thin airfoils was shown by a
rapid increase of maximum lift-drag ratio with decreased airfoil thickness
ratio.

2. Increased trailing-edge bluntness of the 6-percent-thick airfoils
caused a small decrease in maximum lift-drag ratio and a lsrge increase
in section mciiulus;for the 2-percent-thick airfoils, increased bluntness
caused a Isrge decrease in maximum lift-drag ratio and a small increase
in section mcdulus.

3. The @ortance of maintaining a lsminer boundsry layer on very
thin @foils was shown by the decrease of maximum lift-drag ratio from
14.4 to 11.9 caused by fixing transition at the leading edge of a sharp-
trailing-edge 2-percent-thick airfoil at a Mach nuniberof 1.45.

4. The effects of different forward profiles and changes in boat-
tailing were such that, generalJy, any reduction in profile area reduced
the minimum drag coefficient.

5. The center of pressure of the airfoils moved forward with
increased thiclmess ratio and aft with increased trailing-edge bluntness.
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6. Available theoretical methods were adequate for calculating the
.

lift and pitching moment of the airfoils under all conditions of the test.
!I’hetheoretical methods for calculating foredrag and correlation curves
for estimating base pressure were adequate for predicting the total drag

.

when the position of transition was lmown.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Fieldj Cal-if.,Feb. 8, 1954
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TABLE I.- AIRFOm ORDINATES

[Stations and ordinates given in percent of airfoil chord]

Umer and lower surface---

Station

0
1.25
2.5

%;
10.0
15.0
20.0
30.0
40.0

E:;
70.0
8U.O
90.0
95.0
100.0

mm 16-004
h/t~

Ordinate

o
.43
●6O
.83

1.00
1.17
1.37
l.~
1.80
1.97
2.00
1.93
1.75
1*4Q

.83
. ●47

.03

NACA 16-004
h/t=O.3

Ordinate

o
A;

.83
1.00
L.17
1.37
1.57
1.80
1.97
2.00
1●93
1.7’3
1.40
1.00

.80

.60

.

.

L.E. radius: 0.078
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TABLE II.- LIFI, DRAG, AND PITCEING-MOMENT
BASE PRESSURX RATIO FOR AIRFOILS

(a) Basic airfoil: Biconvex to c/3,
(1) h/t =1.0, b/c=O

COEFIW!IENTS
TEsTED
t/c = 0.02

.

.

II R=3. 5xl& I R-3.5xl& [ R=2.OXI.@ Rd.cbd
MJ?foll cl-em.. 1“1 Wansition fhed [ Airfoil clean I Ml-foil Clllarl

%
t I

b~ ‘=1 cm cd F@ c1 cm cd r%p cm cd

o. ola2
.ol@
.o116
.0142
.01&2
.0217
.0324
.042g
---

cd ‘=1

T
.034
.0s7
.104
.142
.215
.294
.373

---

)
.(EO
.040
.&u
.Oml
.128
.171
.215

:%
.433
.5P
.635
.7k5

=

L@

~

.%

.5Q

.P

.53

.55

.57

.-

.59

:2
.56
.55
.%

:Z
.60
.6+2
.61

:Z
.47
.-

TT
1.45 0 0

.5 .030
1.0 .053
1.5 . 1(XI
2.0 .135
3.0 .207
4.o .284
7.0 .362
6.0 .444

1.0139
.o13g
.0146
.0162
.0183
.cQ46
.0338
.OWJ
.e

.Olok

.0103

.0108

.011.6

.0128

.0M3

.a?18

.@85

.0369
X5&

.1213
J&o
.2242

-

.45 0

.46 .031

.46 .&

.46 .Oyj

.46 .135

.46 .-

.46 .28C

. k3 .357

.43 .438

1

1
.012U o.~ o O.ous

.cm3 .o123 .50 .032 0.0cQ4 .0117

. (D33 .0131 .50 .C%5 .cca5 .OIAI

.0cu4 .o16s .51 .lcm .m5 .014$

.W04 .Ola .51. .136 .mo5 .ol~

.mll .cG28 .51 .207 .5XJ6 .@23

.mb .031T .51 .283 .cm7 .0311

.0s!0 .0634 .g? .39 .C032 .042e

.@b .c@6 .Z .438 .- .~a

:%3
.Wo8
.OJlo

:%
.a%5
.@J93

.Oml

.mm

.0w2

.0x2

.om3

.0m7

:%
.m28
.0042
.0%5
.Ocm
.m%
---

.cm5

.0003

.0333

.ml

.@m3

.0023

.am
---

1
1.% o 0

.5 .018
1.0 .038

::: :%?
3.0 .124
4.0 .167

::: ::;
8.0 .342

10.0 .434
12.o .522
SJ.O .619
16.o .739
18.0 - - -

.38

.37

:%
.38
.38
.39
.39
.39
.40
.42
.43
.47
.EQ

o 0
.017 0
.038 -.OCO1
.0% -am
.079 -ml
.Iz!l -ml
.Ub .cmk
.206 .mlo
.2% .0210
.336 .0021
.423 .cqfo
.51Z .0349
.608 .ms~
.716 .0&33

:%4
.m85
.-
.0103
.0141
.0194
.cE5g
.0344
.053g
.0424
.0330
.1603
.2147

.0071

:%%
.0083

.W9

.0135

.o18g

.ce*

.0339

.0554

.ciwo

.47

.4’6
.W%4
.0065
.@
.m-r9
.m3
.o127
.Olm
.0247

.0003
.45
.45
.45
.45
.44
.45

:&
.48

.Coo5

.cxw5

.m5

.mu

.ccm

.mll

.G016

.cwl

.003’7

.0055

.0375

.@
---

.37 .210 .CKXJ5

.37 .253 .aml

.39 .340 .WQo

.40 .426 .w28

.41 .514 .mk5 .KFil .4g

.42 .615 .0061 .1615 .46

.41 j26 Z@’ .2170 .43
----- ---- ---- .0140 .2863 .44

.0337

.0544

.@26

. llgg

.1655

.2220
---

(2) h/t = 0.6, b/c = 0.05

R-3 .5x10=

a. TrenSitica fixed

r

R-3.5x10e I R@.0xM6 I R=l.OWY
fifloil cle8n Ml-foil clean Airfoil clean

‘=gR-l=--Cd P@

I.oJ.17 o.y3
.0117 .38
.o124 .y3
.014J3 .37
.o15g .y
.0221
.039 :$
.0427 .39
.0570 .41

.0382 .42

.m33 --

.0086 .42

.K@ .42

.0103 .42

.01442 .42

.0191 .43

.ce56 .43

.0341 .43

.099 .44

.c#20 .46

.IIEe .48

.1585 .%

.213g .57

.2795 .63

+

cm cd

.m33 0:%%

.cma .Olcp
.0125
.0144
.CQri
.0305
.0403

t

k!p ‘1

1.470
.44 .033
.44 .0s8
.’44 .103
.44 .142

%
)
.0w3
.cu13
.0010
.Oo1o
.w16
.0033
.Wz
---

cd

o.-
.Oloh
.OI.OE
.Olml
.o143
.Ol%
.=93
.04q
---

1 r

0 10 3.47
.4s
.46
.46
.4
.62
.67
.69
--

.5 .(I28 .mog
1.0 .064 .W
1.5 .0y7 .0014
2.0 .132 .cxJ15
3.0 .Z!cQ .m27
4.0 .277 . IX)47
5.0 .35Q .00’75
6.0 . 43a .0105

.0g7 .0m2 ..ol&f .55.@

.lQ .0014 .0141 .53 .132

.201 .m23 .U2cQ .53 .207

.273 .0337 .CQ8a .53 .278

.349 .W56 .0403 .53 .354

.425 .cra? .0548 .53 .k33

.Cm91

.0010

.oo18

.cm33

.0047

.0080

.0304

.axJ4
ax%
.cm8

.46 .214

.* .290

.60 .366

.60 ---.055
.KJ57
.0057
.0060

:%%/
.0U6
.o16g
JX35
.0320

o 0 .- .67

:% :%/ :% :%?
.051 .cm.l .w5g .67
.083 .Oc@ .0q2 ,67
.1.26 .crml .0108 .67
.17’2 .cKr?5 .0164 .a
.212 .0s27 .Ce28 .65
.256 .0333 .0313 .65
.341 .- .0519 .62
.431 .czqo .OecQ .55
. 5?7 .003a .m53 .49
.633 .01C9 .l@6 .43
.741 .o13g y .40
an .Olsg .40L

00 0
.5 .019 .axJ5

1.0 .039 m’%
1.5 .059 .-
5.: .081 .c039

4:0 :%; :%%
5.0 .207 .cmo
6.0 .254 .cQ29
8.0 .336 .0045
.0.0 .423 Jm64
2.0 .512 .c085
.4.0 .* .OI.U2
.6.0 .717 .0158
8.0 .89 .022o

0 .o@54
.019 .Qm4 .cx%f
.03g . ocn4 .clx7
.058 .C0c6 .miy
.0% .0005 .00871

.410

.41 .019

.41 .04c

.41 .060

.41 .031

.41 .123

. M .166

.42 .2q
,42 .251
.44 .336
.44 .419
.42 .5ci3
.41 .m
.42 jl$
.u.E2 .Wlo .o124

J64 .0015 .O1’rf
.206 .OiEo .@12
.248 .Co2k .034
.335 .W42 .0532
.420 .c05g .O&lk
.- .c&o .1143
.6U2 .W .1567
.711 .o12g .21q
.8 .01 .286 J

.Cml

.0317

.Oc@l

.cKe5

.0043

.Om

:Z
.0126
.017

.0%0

.Ow-r

.Ix8

. 1~

.2122

.2804
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS MD
BASE PRESSURE RATIO FOR AIRFOILS !IWSTED- Continued

(a) Basic airfoil: Biconvex to c/3, t/c = 0.02 - Continued

.

.
(3) h/t =0.3, b/c-=0.05

R-3 . ~

a, Tranmitkm rixed
R-3 .~O& I R@. COUOe I R-L .OxlIY

Airfoil clerm Airfoil clean Airfoil clean

deg
% % 1 cd b’bp OZ

.

.031

.064

.wx

.131

.KJ1

;~;

0’

:% $%
.051 .cK08
.032 .0039
.124 .Ws2
.167 .CK)l-I
.209 .ocE2
.253 .0229
.338 .W45
.422 .C060
. ~o .@J80
.592 w?
.705
.824 .0178

%lQ31FD/P %1% bp

m
:$
.51
.72
.78
.78
.77
.-

0 0 0 0.0095 O.n
.5 .031 .0310 .0096 .%

1.0 .065 .0314 .Olce .59
1.5 .@ .G022 .01.17 .60
2.0 .133 .cw7 .0137 ,60
3.0 .201 .0045 .OI.97 .59
h.o .274 .qo .028> .62
~.o .349 .0103 .0350 .64
6.0 .426 .0138 .@lb .66

0 0 0 .~ .k9
.5 ;;; sc)& .w78 .48

1.0 .cn80 .48
1.5 .060 .cK@ .- JJ
2.0 .081 .Wlo .0103
3.0 .123 .0017 ::% :g
4.0 .I.65 .c@4
5.0 .213 .0333 .cr?~
6.0 .24 .0041 ,0333 :%
8.0 ,334 .0063

10.0 .Ug .cc.33
.05% .Q
.W .YJ

L2.0 .~ .0103 .1147 .p
U1.o .y% .Olm .1* .53
16.0 .701 .Olw .2092 .y
18.0 .813 , .CQpy .2723 .%

mo.031 ‘. QO:~O:$o.o*

.c65 .c013 .0081 .% .(%8

.lLl) .OcQo .0396 .53 .105
,134 .ca24 .oll~ .53 .141
.2o4 .Ws .0176 .% .214
.W .(Y3* .0260 .66 .289
.372 .QW2 .03’77 .67 .369
.428 .coL5 .Ow .& - -.

.C041

.0343

.0347

.@

.cx%a

.olo~

Uul

,~ .1E8 .0323 .0158 .n
.* .211 .W9 .0224 .70
.% .255 .0237 .O~ .69
.5b .34o .o@ .O~l ,6k
.51 .k23 .oc65 .0777 .58
.48 .511 .* .1E2 .2
.45 .611 .oc@ .w8 .47
.kz? :% .:cl: .21ci2 .43
.h . .278+5 .43

.m13 .0034 .%

.cola jog .m
,cw2 .57
.0035 .0177 .59
.c@3 .0261 .&l
.@o .0378 .61
.0113 .0723 ,62

.0053

.0055

.0yi7

.0364

.0073

.01.10

.031.6.009c

.Ccel .0MY2

.c@g .0110

.0042 .0177

.W%6 .(X264

.cK)y .0387
--- ---

.78
:2
.77
.76
.7b

0

1
.Wbo .W

.021 mow .0042 .84

:% :%% :%5 :%
.084 .w16 .0%8 .83
.127 .cKQ1 .OI.05 Al

J
.0160
.Q224
.Oxrl
.0513
.0780
.1120
.1513
.2063
.272 !

l-p
.214

:;?!
.430
.99
.633
.7k2
.867

.0334

.W38

.CQ40

.0%9

.0388

.o1o5

.0132

.0163

= 1
.01%
.0225
.0307
.m7
.0762
. U*
.3.626
.2178
.2862

:76
,7k
.69

s
.53
.48
44&

.

.,

(4) h/t = O, b/c = O.0~

R=3.5xl@ R-3 . ~Oe R=2.0x10e R.l. Oxl&

M
Tmne.ltionfixed AirfOfl Cllsca Atrfoil olean

d:;
Mrfoll Oleem

% % C4 ~h ctlomlca lh% C++d ~.~ cl cm I cd ~w~

,

1.98 0

[ I
I

.5 .OI.8 0.0007
1.0 .041 .0009
1.5 .060 .ml.l
2.0 .079 .Q313
3.0 .122 .U321
4.0
5.0 .Xyl .m
6.0 .247
8.o .332 .COm

10.0 .415 .Of@
12.0 .yx .Oul
14.0 .593 .ol~
16.0 .6yf .0201
la.o .803 .wfl

.(X)641--10 10 I AY3471-JO 10 I .W401- -10 10 I .004J L-
I .00661-+ .018] .00C15! .0049] - -! .016] X005! .O@)l!- -! .0131 .0C05! .0037 !- -

.0045 -- .037 .O@

.0053 -- .0y3 .cxl16

.00s4 -- A’J .00&

.0096 -- .

.wki --

.~l --
:25 --

--

‘1.02:-:
mJ6&-

.1558-:

‘:%::J I
.C522 --
.07$4 --

.329 .LKK1

.412 .crJ&l
.U1-f -- .499 .0102
.1529 -- .589 .Og
.m -- .691. .o161
. -- .807 .0234

.332
Al
.yo z
.601
.709
.m

.* -- .332 .c@2
AJ6-& -- .419 .0104

-- .ql~ .03J.9
.l~o -- .618 .cnk3
.2057 -- ,730 .ol~
.2724 -- .mg .C241 a .

, , , , r 1 I I I I I

u
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.
mELE II*- LIFT!,DRIG, AND PITCHING-MOMENT COEFFIIXXNTS AND

BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued
(a) Basic airfoil: Biconvex to c/3, t/c = 0.02 - Continued.

(5) h/t = 0.6, ?)/c = 0.33
—

C9
deg
—

o
.5

1.0
1.5
2.0
3.0
4.0
>.0
6.0

0
.5

1.0
1.5
2.0

;::
5.0

;::
10.0
1.2.o
14.0
ti.o
1.8.o—

R.3 .5Xl@ R-3 .5x108
Airfoil Clccz

=B

R-. (
irfci

%

I
X004
.-
. cxnl
.(X114
.C024
. W38
.Cwl
.CW89

.m3

.0m9

.0008

.CLlrl

.0317
mom
.W=
.0341
.m
.m74
.0094
.o126
.0184

KP I R=l.0xJ.08

x
.52

:Z
;52

.;:

.59

.66
-—

.53

.53

.54

:E
.60
.62
.&
.63
.62

:g

.41
.

TrFmsitionftied

~ =2&&3lean

=a

.Owe

.c@3

.wn

.o1o3

.0125

.o18g
SQ7:

---

.-

:%
---

.0080
-OU5
. 0s
-m3J5
.03L9
.?530
.0911
.Un
.1639
.2269
.2879

z—
L38
.39
.39

x—
,50
.pl
.51
.50
.50
.50
.50
.51
.51

.36

.36

.36

.36

.36

.37

.37

.9

.39

.39

.39

.40

.39

.39

.41
—

c1

t.
.032
.056
loo
.134
.m

:2
.kxk

I
.020
.042
.062
.084
. E27

J6J

.255

.339

.4A

.513

.6KL

.722

.841

—
Cz—

.033

g

.202

:T9
.42%

.@o

.040

.061

.092

.124

.166

.208

.251

.337

.422

.53Q

:%
.824
—

mxw
.0307 .CK193
moog .Oloil
.cKm2 .0114
.oo16 .OI.36
.cuq .Olfl
.c043 .02+33
.IX63 .0397
.0391 .C545 II

.0084 .54
.(087 .53 .033
.Q72 .53 .067
.0U6 .53 .104
.Olw .54 .141
.03.89 .54 .215
.0278 .55 .291
.0397 .T .370
.@4 .* --1.1.

.03.09
.032 .m7 .0U2
.c67 .Oo1o .Om
.101 .Oou .Olw
.135 .mm .0155
.W .0s33 .0218
.281 .w56 .0307
;:5$3 .cK#J .Og

.Ko8

.ooI.l

.CKm

.0017

.0326

.0045
Am&5

.39

.40

.40

.41

.42

:g

.42

.41

.41

.41

.41
AJ

.&

.&3

.45

.47

.50

.%—

-—.

L
.COS1

.020 .0004 .0084

.042 .c005 .0386

.C61 .0397 Jms5
::4 .% .Olod

.167 :oo18 :%

.209 .0022 JZ59

.53 .m31 .03k3

.337 .CQ48 .0552

.423 .(3X6 .0823
:5$ .(09; .l16T

.-(-u :o160 :%

.824 .0219 .~O

.m3

.om3

.0005

.om6

.Cx310

.0015

.0020

.0026

.0041

.m6

.0074

.0095

.0128

.0195

.0063

.0065

.-

.CKJ70

.Co89

.0X24

.0176

.0243

.0326

.@%

.0898

.Uw

.1570

.210J!

.- .49 0

.0a51 .48 .019 ‘.QX5

.0065 .47 .042 .0003

.0c8+ .48 .055 .cKlll
X0% .%I .0s4 .0008
.0320 .58 .129 .Oolz
.0170 .59 .170 .0w2
.0237 .% .215 .w24
.0323 .60 .2358 mow
.0636 .58 .344 .0051
.0?05 .56 .43 .0c68

:;% :2 :?J :pg
.2221 .41 .742 .0141
.2814 .57 .a56 .0198

.

.2767

(6)h/t = 0.3, b/c = 0.33

Ix &
.45 0

.5
Lo
1.5
2.0

:::
5.0
6.o

.98 0
.5

Lo
1.5
2.0

:::
5.0
6.0
8.0

10.0
12
14::

18:;

R-3
EellEit

cm

R=2 .Oxl
Airfoil c

T

3

ean

‘%

.Oo’j’l

.m

.til

.C094

.OXQ

.O1-p+

.W39

.0373

.0519

.Omo

.0052

.0055

.0369

.0074

.0KT7

.0E8

.0223

.0304

.0510

.onk

:%
.2074
.2736

R=l .OxlOe
lean

cd

h

1
c1

.033

.057

.101

.137
-207
.281
.359
---

)’
.Ofm
silo
.M1
.082

:%
.208
.252
.336
.423
.519
.62?2
.-f31
.8fn

Ile6a

cd

)So64
.Wo
.Wi-f
-e
.O11o
.o167
.m3
.0367
---

.0050

. m49

:Z
.0073
.Om
.015
.0220
.0300

%J

.1589

.2139

.2813

11
.ti .58
X086 .m
.IM91 .5-(
.OI.06 .*
.o126 .58
.o185 .59
.0272 .&
.0388 .61
.0532 .63

I
.032
.064
.09-7
.131
.199
.m
.342
.421

L0382
.W5
:%

.0126

. Olm

.02n

.0385

.fw6

-W3
.m
.m59

:%
.o115
.03s6
.cE31
.0313
.0517
.0783
. llli’
. lsg
.ml
.-

!.54
.56
.56

:Z
-59

:2
.62

.47
A;

.46

.46

:E

:g

.47

.46

ij

‘1
.031 .cw8
.054 .Oom
.W .oo16
.U1 .0020
.l~ . W*
.272 .0049
.346 .cOj’2
.423 .0102

.46

.45

.45

.45

.46

.61

:$
--

.45

.44

.44

.43

.46

.52

.73

.74

.74

.61’

:3
.48
.45
.43

.032

.L%5

.m

.EE

.2Q1

.273
;g

.Oao
mow

R2
.CF343
.0067
.-
. Om

.W

.0007

.OirL1

.Wll

.oQ18

. W24

.CKw

.0040

:%
.o~
.o134
.Om
.cQn

:%%
.0in8
.0019
.c030

s%
---

.anz!

.CKU7

.0022

.0C136

.cu58

.COso

.OIJ-4

.CKJm .47 0

.afm A7 .019

.m74 .47 .039

.0383 .47 .059

.0093 .47 .080

.0329 .47 .121

.Olm .47 .l&

.0243 .47 .2Q4

.0324 .47 .246

.C523 .48 .330

.O@+ .49 .413
+26 .4 .502
.1531 .51 ..592
.2053 .55 .678
.2681 , .61 .806

I
.m4
.0304

:%
.0cm2
.0020
.ti
.0033
.0251
.Wk5g
.C@n
.0EL4
.o149
.0Z23

)
.0w3
.Om
.oo13
.0213
.0G21
.0032
.@35
.0045
.0366
.0389
.Om
.Ou’j’
.o111
.0236

.021

.040

:%
.120
.162
.2Q5
.246

:?s?
.501
.%9
.693
-w

.019 .0w4

.040 .a)07

.Oso .0009

.080 .Ocllo

.121 .oo16

.163 .W24

.m3 .CQ30

.246 . C937

.330 .W7
AZ .%4

.596 :o117

.704 .Ow

.W .@z5
.

9
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‘MILE 11.- LIFT, DRAG, AND PITCEING-MOMENT COEFFICIENTS AND
EASE PRESSURE RATIO FOR AXRFOILS TESTED - Continued

(a) Basic airfoil: Biconvex to c/3, t/c = 0.02 - Concluded
(7) h/t= O, b/c= O.33

22

.

.

I RI=3.SW08 I R-3 . ‘woe I R=2.Oxld I R=l.COU&
—

M

l,q

1.99

M

l.k’j

1.98

a> TI?amitimufixed I NrfOii cllnam I !
leg

cl % % 4 c1 cm Ca d cl

rfoll.

=7
1.me31 Airfoil

% &h ‘t %

Jx&; -- 0
-- S2Q O.w&

.0W52 --

JX& -- .lQO :-

,0157 :: EIJ %&
.0243 --
.0357 -- .360 :Cw4
.0501-- - -- ---

.0042 -- 0 0

.0045 -- .o17 . W03

.0048 -- .038 .Knl

.W -- .061 .Oo11

.0059 -- .m .oo16

.0104 -- .L21 .W24

.0156 -- ;go ;00$

.0221 --

.0303 -- .250 .c053

.m -- .341 .W72

.n’n -- .424 .WfA

.l.no - - .= .0109

.1535 -- .625 .0138
s5w7 -- .739 .0170

-- .859 .0241

I.emn

% d?

.0042 --

:5 ~:

.W

.01 2
~:
--

?4.02 --
.0359 --
--- ---

.0040 --

.0c40 --

.0043 --

.0056 --

.0370 --

.0104 --

.0356 --

.0221 --

.0299 --

.qJll --

.0778 --

.1137 --

.1* --

.1765 --

.2817 --

b
0 0

. .030
1.0 .063
l.~ .Oy/
2.0 .130

2:: :%
5.0 .345
6.0 ,420

0 0
.5 .019

1.0 .041
1.5 .061
2.0 .W2
3.0 . 3J24
4.0 .I.66
5.0 .2@
6.o .250
8.o .336
.0.0 .42a
2.0 .504
.4.0 .~s
.6.0 .702
8.0 .815

) 0.W6E --
.Colo fo# --
.0019
.W22 .0092 ::
.WP .ollJ+ --
.W48 .0171 --
.W72
.0104 :%% ::
.0145 .0511 --

) .W62 --
.Oooj .0063 --
.- .0063 --
.0009 .0076 --
.0014 .0083 --
.0319 .o122 --
.Cc@ .0173 --
.0334 .0238 --
.W4+ .0318 --
.0cns5 .0326 --
.Oo$K1 .o~92 --
.0104 .lI.24 --
.0126 .1538 --
.0164 .2069 --
.0239 .271~ --

)
g

*W-(
.130
.l~
.270
.342
.419

)
.019
.039

:%
.I.21
.163
.%34

)
.Coq
.Oolf
.W21
.032+
.@335
.0064
.@)$
.Qlq

0.W61 -- 0
X662 -- --
.Oqo -- .(%2
.0W5 -- .094
.0D5 -- .130
.ol@ -- . l%
.02~l -- .m
.0363 -- .345
.0505 -- .421

.0010

. cn16
xJ31ti9

.@o

.-

.@

.o116

.Ooq

.W1O
cum+
.0+x8
.W21
.w26
.0335
.W44
.W60
.W30
.@%
.OI.20
.01$
.0222

)

1
--0

.0w4 :%-- .020

.0007 .0052 -- .039

.ccz% .cG50-- .059

.(XW .cKql -- .079

. C016 .0106 -- .123

.W23 .0157 -- .165

.0030 .0221 -- .2(K

.c@+o .0301 -- .2k9

.W3 .WYJ -- .334

.arp. .qa -- .bfi

.O@ig J@ - .503

.ol~ -- .@l

.0140 ..2c26-- . Tq

.0197 .2669 - .826

.245

.3@
ml
.453
.*
.691
.Wm5

(b) Basic airfoil: Biconvex to c/3, tic = 0.04
(1) h/t= l.0, b/c=O

Rm3.wi& R=3 .~06

%
Tkmneitlon fixed Mrfoil clean

deg
c1 cm I cd

R-2 .OXM
Airfoil clean

R-1. OWd
Airfoil clemm

—
‘b~

TTTT
pb~ c1 cm cd Pbp

0.51 0 0 o.cQ35 0.51
.X .034 .cm13 .0238 .51
.51 .063 .oo18 .02b7 .51
.51 .lm .Wz2 .@64 .5I
.9 .136 .(XZ25 .cQM .51
.51 .20s .Llw3 .0350 .2
:; .2~3 .@ .0440 .%

. .C09L .0%2 .% TIT
c1 cm cd P@

) 0.CQ30 0.5C
.03k .c013 .0236 .%
.@ XK118 .@244 .X
. lq .cKr25 .W63 .x
.140 .W26 .0286 .5C
.211 .0045 .0350 .x
.289 .W?2 .0443 .2
.367 .U1O2 .0562 .53

)
.038I.CO1O
.074 SlQ2;
.lU.
.150 .W3J
.228 .0354
.305 .W88

}.53
:;;

.9

.P

:%
-.
.-

.-

.-

. .

.-
-.
. .
-.
--
. .
-.
--
.-
. .
.-
.-—

0
.5

1.0
1.5
2.0
3.0
k.o

2::

0 c
.035
.058
.104
. lJO
.212
.289
.%

---

1 O.(X2*
.0313 .0260
.C021 .0274
.0229 .mm
.ca34 .0316
.0354 .0381
.0077 .0472
.0103 .Om
--- -..

I
.022j
.cQ37
.0261
.cQ&
.0354
.044:
---
---

---- .-
..-. --.- --- ---

.37 0 0

.36 .Oti .0005

.37 .039 .0w7

.37 A&) .Wc8

.37 .C%o .Oc@

.37 . ).23 .0013

.30 .M6 .0023

.38 .210 .LW?6

.39 .253 .0035

.40 .340 .cqil

.42 .430 .W69

.44 --- ---

--- -. --- --- --- --

3 .0144 --
.019 ‘.0007 .01J+7 --
.039 .0010 .012 --
.C61 .w12 .0164 --
.080 .cxx2 .01’77 --
.123 .0017 .cQ14 --
.167 .0025 .CR64 --
.213 .cKt28 .0334 --
.255 .W40 .041.8 --
.345 .0@3 .0638 --
.434 .0076 .0%!4 --
.ya .00% .12w --
.633 .0133 .1753 --

--- --- --- --
--- . ..- --- -- L

00 .0140
.015 .cc03 .0145
.035 xcJJJ All:
.059
.O$O .0216 .0172
.124 .mzl .0211
.168 .ocQ4 .In%
.219 .W32 .0337
.260 .0040 .0423
.351 .a%2 .0641
.450 .W83 .0946
.= .0108 .1336
.664 .01% .).838

----- ----
----- ----

0 0
.5 .018 0.wo6 0:%2

1.0 .0s .0005 .o187
1.5 .* .Oxs .0197
2.0 .082 .0010 .@ I-o
3.0 .126 .C015 .C247

.170 .0022 .0301
;:: .216 .0028 .0370
6.o .259 .W35 .0455
8.o .346 .00’56 .0i68
,0.0 .437 .W78 .C954
,2.0 . 5a9 .0105 .Y.311
.4.0 --- --- ---

.0147

.Olw

.01%
,0165
.0177
.CQ15
.=66
.0334
.0419
.c%31

.-
-.
--
-.
--
-.
.-
--
-.
--
--
--

.09i7
--- 1-- --- --- --- --

.- --- --- --- --
-. --- --- --- --

.6.0 --- --- ---
,8.0 --- --- ---
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TABLE II.- L~T, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR J!JIU?OILSTESTED - Continued

(b) Basic airfoil: Biconvex to c/3, t/c = 0.04 - Continued
(2) h/t = 0.6, b/c = 0.07

—

M

R=3.5x106 I R=3.~

=, Transition fw Airfoil C1.wn I R-2.0x10e

I

R=l .OXIQ=
Hoil C1.eml Mrfoil Cleen

deg

r c1 %/@ c1 % ‘d tip c1 % cd tip

).% o 0.019 0.63 0 0.0184 0.7’2
.% .034 ‘.an6 .Ceml .63 .033 ‘.K119 .0191 .~
.y? A!& .oa28 .cQ12 .6/? .066 .cm26 .U?ol .7C
.55 .1o1 .0035 .CX2* .61 .105 .wk7 .m~ .~
.55 .136 .cx347 .C254 .% .142 .W53 .~51 .67
.* .2C8 .W68 .039 .~ .218 .~ .0325 .65
.57 .284 .0103 .Oklcl .% .298 .0M6 .0419 .63
.s7 .39 .0145 .0526 .~ .~ .0176 .Cyl18 .70

%p t =2% I cd. %
1.4!

.98

—

o 0
.5 .034

1.0 .0S7
1,5 .102
2.0 .137

::: ::;
5.0 .364
6.0 ---

0 0
.5 .o18

1.0 .03E
1.5 .0%
2.0 .08a

.122
::: .165
5.0 .209
6.0 .253
8.0 .341
0.0 .430
:.: .518

6:0 :::
8.0 ---

3 10.0233 0.51 0
.51 .034
.51 .067
.2 .10:
.52 .i%
.5(3 .205
.% .285
.57 .363
-- ---

.41 0

.40 .@o

.+0 .04C

.40 .061

.40 .*

.41 .125

.41 .167

.41 .212

.42 .29!

.43 “. 343

. b5 . k~

.49 .21
-- ---
-. ---
--- .-

0
.WM
.CnX
.c035
.0341
.0064
.W$A
.0135
---

)
.0310
.mw
.m5
.0018
.0CG26
.my3
.-
.m~
.0281
.0108
.0U8
---
---

-

ISF21c
.CTZ5
.ck224
.ce43
.0263
.0526
.0417
.0538
---

.0135

.013

.0140

.0153

.0163

.@@

.02%

.0319

.04f12

.0616
:$!3?

---
---

~

.0018

.0032

.m42

.oo51

.W7

.Olq

.0138
---

1
.-
.0013
.0019
.cnlg
.w28
.C040
.cow
.0363
.Q388
.0394
.0328
---

.0237

.GA9

.cQ68

.W*

.0354

.0440

.W@+
---

.01s

.ol&a

.o164

.0147

.o186

.=3

.0274

.0340

.0424

.0635

.09E2

. Q59
---

--f---,---,
---l --l---l---t---l--

1
.420
.42 .OM
.42 .03s
.42 .061
.41 .*
.41 .124
.41 . la
.41 .213
.40 .255
.41 .341
.41 .kq
.41 .25
-- .624
-- .735
-- .8

3
.Omo
.cKn4
.002c
.(xel
.-
.0042
.0051
.0%4
.-
.o118
.0148
.0193
.Cem
.0330

.0123 .5:

.0K6 .2

.Olw .%

.0141 .9

.015* .E

.0193 .%

.CQ46 .51

0 0 .oml Al
.Om .Wo9 .OI.NL --
.038 .CXX6 .oI19 --
.Ofe .cu27 .ol~ --
.(B2 .m?j’ .0145 --
.126 .003 .o183 --
.171 .m55 .02s --
.216 .CK165 .o~ --
.259 .W75 .0390 --
.345 .O11o S&34 --
.443 1:$ .@ca --
.539 .E73 --
.649 .0225 .1763 --
.761 .cQ91 .235i2 --L

.012 .45

.o~ .4S

.- .4’$

.08s4 .47

.12~ .47

.1703 .45

.2276 .43
3 .42=-k -. -1 - - -1 - - -[ --

(3) dt = o.3, b/c = 0.05

M
d%

..45 0
.5

1.0
1.5
2.0

:::

z::

.98 0
.5

1.0
1.5
2.0
3.0
4.0

2::
8.0

10.0
12.0
14.0
M.o
18.0

R-3.5x10s I R-3 . we I R-2.0x2& I R=l.oYJc#
TremitiOn fixed Airfoil clean Mrfoil clean Nr?oil clean

T
cm cd

o 0.0161
.0019 .0167
.w33 .0176
.0043 .0195
.ODZ .0216
.0078 .02&
.Oll? .0374
.0165 .0494
.CE22 .0636

‘1

T
R/Q c1

0.62 0
.62 .034
.62 .070
.@ .l~
.62 .144
.@ .218
.& .3W
.@ .*
.61 ---

) 10.U204 I0.39

1
.b .034 0.0319
.4Q .& .Oow
.40 .lW .0340
.40 .lm .W
.41 .W .Wn
.42 .282 .010-(
.$ .359 .Olm
.61 .436 .C210

.0178

.o182

.0192

.02cs

.0229
,IX@
.0378
,0497
.@K1

0.51

:3

1
.03
.06f
. lm
.1*

:%
.*1
.43.4

)

1
.olk7 0.79

.cKQ1 .0155 .W

.0337 .o165 .79

.Cxy.6 .0189 .fl
X(%8 .02ti .76
.@ .CQ78 .74
.0145 .0376 .77?
.019 .05a? .71

.035

.070

.104

.142

.212

.287

.om5

.W3-9

.Ooyl

.ccH56

.0094

.o131

.o164

.olg9

.W

.Y

.55

.55

:2
.359
.435 ---,---,--

J,
.440
.44 .024 .Cclc8
.45 .ok3 .0313
.45 .055 .m18
.45 .- .OcQ1
.45 .126 .CXXO
.45 .167 .mk?
.45 .210 .0054
.45 .254 .lw67
.45 .341 X@
.47 .k26 .0127
.52 .515 .0162
.% .612 .0203,
.% .720 .ce67
.61 .80 .0

,OIM
,o115
.0119
.0128
.0140
.0176
:@27u.420

.42 .mo ‘.C4X2

.42 .o~ .w18

.43 .060 .0@2

.43 .082 .0326

.43 .122 .C@s
$ .165 .0353

.209 .O@Q
.45 .273 .W
.47 .334 .olc@
.4-( .422 .01%
.46 .fl .0171
.42 .613 .ce17
Zf ;~ .Q=fT

. 01
.0102
.o1o3
.Oms
.o125
.o12g
.0167
.ce18
.&
.0364
.0569
.C$43
.-
.163J5
.2204
.2W1

.& o

.62 .013

.61 .033

.58 J353

.56 .074

.56 .116

.* .16CI

.55 .=

.55 .249

.55 .337

.53 .433

.48 .531

.43 .63fi

.40 .751

.40 .8681
) .* .75
~~ .C@9 .76

.00X .76
.Oop .o1o’7 .75
.003? .ol~ .75
.cK143 .0149 .74
.Cc& .m .72
.0374 .0?65 .68
.clh% .0351 .70
.or27 .0559 .65
.0K2 ~g5; .56
.m94
.G248 a6y( :g
.qQ1 .2279 .48
.0383 . .43L

o .Olg
.019 cc@ .ol~
.041 .cn15 .0144
.til .0320 .0153
.c#2 .c025 .0166
.124 .0234 .Q03
.W .@18 .(P=
.214 .W61 .0323
.255 .m74 .0403
.342 .OJ.06 .@513
.432 ml:; .0891
.21 . l$?m
.619 .0239 .1679
.725 .O* .22E2
.8 .0 3 .284a 1

.@93

.Om

.0585

.0855

. E@
J6~4

.2&4
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(b) Basic airfoil: Biconvex to c/3, t/c = 0.04 - Continued
(4) h/t =0, b/C =0.05

.

R=3.5xL& __ R-3.5xlQe
.-c. Transition fti Amfoil clean

M

TTT
d:g

c1 % cd

00 0 0.0168
.5 .032 .0226 .0171

1.0 .064 .0347 .OL&
1.5 .Cg8 .m65 .0199
2.0 .132 .c031 .0219

.Olti .cwfg
::; :2 .0161 .0360
5.0 .345 .cQol .04’66
6.0 .418 .0245 .(%z

=EE?tlP
-
.- 0

.032

.063

.096

.130

.199

.270

.345
‘.420

0.01% --
,0325 .01.60 --
.c.fho .0170 --
.Oc@ .0186 --
.0J66 .02C-5 --
.G@7 .w64 --
.0138 .0345 --
.0189 .0459 --
.@49 .Om --

.Olcm --
.c014 .0103 --
.W’22 .Om --
.0U2B .0U7 --
.m33 .0128 --
.0046 .0163 --
.(X362 .0211 --
.cK178 .0272 --
.C093 .03% --
.0130 .oyL1 --
.0167 .0913 --
.0203 .uh9 --
.ce55 .1567 --
.0326 .X81 --
.0423 .’2723 --

0 0.0146 --
.031 .Oom .01% --
.%4 .W42 .o160 --
.Oyf .Oyi/ .Oli-l --
.131 .Wcl .0196 --
.201 .OlcJl .a~ --
.273 .OL~ .0341 --
.35il .0203 .0457 --
,425 .0260 .c603 --

0 0
.033 .cc28
.057 .0348
.IQ .*
.136 .0087
.209 .0L30
.286
.361

.0L83

.0237
--- ---

,0.0137
.0141
.OIJE
.016s
.018$
.0253
.034C
.0461

. .
--
-.
--
.-
. .
.-
-.
.-

--
--
--
--
--
.-
--
-- --

-1

l-l
00 0
.7 .019 .0014

1.0 .039 .0323

x :0$ :3

?:: ;~; .0356
.o@33

?: .247 .0103
8.0 .331 .0139
.0.0 .Qy .0182
2.0 .@+ .0228
,h.o .598 .0287
.6.0 .mL .0359
.8.0 .835 .0428 1

0
.019 .0014
.040 .Ccr21
.C60 .0031
.079 .0237
.~l .m55
.163 .cufs
.204 .W88
.247 .0105
.= .0144
.415 .0L83
.594 .Ce20
.604 .0273
.7L3 .0347
.&k .04

.W3 -

.@95 -

.W -

.0108 -
--- -
.01+ -
.c1204 -
.0266 -
.0349 -
.0547 -
.G813 -
.112 -L

-0 0
. .017 .cw.6

.039 .0024

.060 .0337

.031 .cm2

.=1 .(X66

.L63 .@

.205 .OI.07

.25L .0127

.332 .0166

.424 .020g
- ;g; .02:

- n~7 ;:’6

.m38

.@%

.W3

.0106

.0114

.0146

.0198

.c051

.0345

.0541

.0?21

.-
--
.-
.-
..-
--
--
--
--
--
--
--
-.
.-
=L

--0
.- .Wo
-- .040
.- .06a
-- .Cao
-. .L21
. . .m
-. .204
-- .246
-- .328
-. .413
--
.- :%
-- .697
-- .810

.0121

.o123

.o127

.0136

.0148

.0182

.Celfl

.0293

.0373

.0573

.0836

.1L67

.1591.

.2110

.2714

.

.1181

.1640

.2207

AE!z--L.L~ -
.2134 -
.2774 -

(5) h/t= o.6, b/c= O.33

II R=3.xL@ R=3.5xl& I R-2.0xIOe I R-1.OXL@
1 CLt Transition fixd 1 Airfoil cleen I MrfOiL clean I Alrfoll clean

k?!?
1.45 0 0 0 0.CQL2

.5 .035 .0019 .0222
1.0 .C%9 SW; .@33

.103 .ct251
::2 .140 .0348 .Omh

).46 o 0
.45 .032 .c019
.45 .C65 .0024

::? :% ::;
.41 .208 A@
.37 .283 .0086
.% .360 .m24
.42 .43a .0174

0 .0L81 o.51 0 0 0.0175 0.54 0
.0190 .y ,032 .c018 .0L8Q ,54 .on
.0198 .50 .&6 .0725 .oLa8 .* .q:
.IX215 .50 . l@ .0033 .0.206 .54 . lq
.0237 .X .H7 .~~ .-8 .54 .147
.0301 .% .210 .~ .0294 .* .22?
.0391 .51 .285 .cxpl .0386 .55 .301
.@-o .51 .364 .0L32 .0505 .55 .384
.C655 .53 --- --- ---

) O.ol%l
.ml .0173
.0329 .0178
.0236 .cQo3
.CKA4 .0225
.W3 $29293
.O1.12
.0154 .O*5.0 .366 .0L36 .05$5

6.0 .445 .0160 .0688

i

-----

.460

.44 .019
,46 .041
.47 .262
.b7 .G35
.46 .).27
.46 .173
.47 .219
.47 .&
.48 .350
.48 .444
.48 .539
.44 .653
.ti .767
,40 ---

II
----- ----

uL.98 o 0
.? ml~ ‘.=

1.0
1.> .til :OOL6
2.0 :&5 XOlf
3.0
4.0 .L69 .cK133
5.0 .215 .0343
6.0 .259 .cn53
8.0 .346 .00&

10.0 .438 .Olti
:.: ;g; .0140

.0LP6
L6:o .737 .0243
18.0 --- ---

.0147

.o14g

.o~

.0L62

.0174

.G212

.0265

.0334

.04L8

.0530

.0915

.1265

.17L9

.2264

-

.0008

.CJX3

.CX119

.Qa21

.CcQ6

.W42

.0049

.03%

.003g

.OI.L3

.0130

.0201
J2270

.Olce .61

.0106 .60

.0109 .*

.o~5 .57

.013.8 .57

.0178 .%

.fw2’7 .%’

.@95 .s7

.0383 .58
X600 .%
.* .57
.3264 .53

:x :?

.39 0 0

.38 .019 .0308

.38 .039 .CQll

.38 .Owl SY3L4

.38 S&2 .CKII.6

.39 .L24 .@223

.39 .167 .cx330

.39 .214 .cd)o

.40 .257 .0348

.@ .344 .0071
●43 J$34 .c@5
.45 .724 .0126
.49 .6ZQ .oL&
.* .730 .CQ20

.Ola

.0127

Y_l
.370
.36 .@o 0.mc9
.36 .041 .Ww
.37 .C62 .00L8
.3-f .0% .0020
.3-/ .K3 .cn25
.38 .166 .m35
.38 .213 .m43
.39 .2 5 .ocq?

3.40 .31 ,c074
.42 .432 .(x@
.45 .524 .0128
.43 .EQ9 .o173
.40 $12 .Eyl
. . .010

.01J2

.olL5

.01L8

.0L29

.0139

.0178
,LW29
.Q2*
.0383
.0595
.Q378
.1235
.16$g
.2274

.0129

.0L38

.01%

.0188

.@lo

.0308

.0391

.0503

.08&

.1233

.1671

.22i9
.-. I .&2d------ --- L ----- ---
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.
TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COl?JIl?ICZENTSAND

BASE PRESSURE RATIO FOR ~ES ZEWED - Continued
(b) Basic airfoil: Biconvex to c/3, t/c = 0.04 - Concluded

(6) h/t =0.3, b/c =0.33

R-3 . X06 R-3.X& R-2. oxl&

“ a. Trcrmition fi.md
R-1 .OxlO=

Mi-foil. C.L6an MI-foil C3.cEm Airfoil Clcm

“ I‘m-i-a=-
o 0 O.om

.032 .0327 ---

.065 .cn35 .olg3

.W .0J45 .0213

.133 .Coy .CQ34

.2c4 x!-% .CQn

.277 .0E2 .0379

.3Z .ol~ .0488

.@6 .0193 .C630

0.43
.43
.43
.k3

::
. l)?
.47
.48

0
.031
.(X34
.@
.133
.203
.2-79
.39
.427

0
.W20
.cm30
.o@
.C048

:%5
.ol~
.mok

0.0165 0.50 0
.0170 .48 .032
.0179 .48 .C%5
.01% .48 .101
.@17 .49 .135
.0278 .48 .2c6
1:$: #48 .*1

.% .358
.0523 .54 .433

)
.0219
.0030
.0043
.cKJ48
.0375
.0U2
.ol~
.a212

o.ol~
.0163
.Olp
.Ol$m
.cr2H
.@75
.0364
.0481

O.% o O.olcm
.y .036 ‘.(XY21 .Otil
.y .072 .a)34 .0171
.p .107 .@18 .0193
.53 .143 .0353 .U210
.55 .ZW1 .O@ .0276
.59 .295 .o129 .0365
.60 .373 .0174 .0487
.61 --- ---

I

O.*
.*
.%
.54
.%
.61
.66
.63

1.:
2.C
3.C
4.C

2:: -- -t --

-u.42Q o
.42 .017 .Kllo
:: .o& .W15

;~ :~8 :~

.42 :159 :lxl12

.43 .201 .c@l

.43 .243 .m6h

.44 .326 .CKV1

.46 .40g .Olz?

.49 .495 .ol~
5J .34 .0W8

.6+? :&1 :%?; 1
.0107
.Olw
.Ollk
.Ou?l
.0134
.0163
.cE17
.ct278
.03y
.0%0
.*
.1153
.lfio
.2110
.qlo 1

.380

.38 .C20 .0315

.x .039 .W17

.38 .059 .~

.38 .0e6 .0C24

.38 .123 .Oc@

.41 .164 .c@rf
AJ .20; ;%%

.45 :321 .0093

.45 .414 .0130

.44 .~ .0162

.42 .~ .cQll

.42 .677 .0?79

.47 . .0 31
.o1o3
.0105
.0113
.0120
.0135
.0167
.Ix18
.Czq’7
.o@

:Z
. H64
. l=
.2022
.

.-

.0102

.Olq

.0119

.o131

.0s

.73

.74

.73

.73

.73

.70

:2
.67
.6h

.=17

.-

.O*

.0567

.G+34.2

.

J
. llW
.1663
.2225
.28

.

(7) h/t = O, ~/c = 0.33

—
R-3.5W? R-3.5xl&

TrEllsitiOn f- ME?oil Clesn
R=l.CDCIQ6

Airfoil cl-

bp c1 % % P@

-- 0 0 0.o131 --
-- .032 .0334 .0133 --
-- :y: :~ ~0145 --
--
-- ;;g .0278 .0;8; ::
-- .o123 .a2k7 --
-- .285 .0178 .0368 --
-- .363 .023a .04% --

R+.oMJP

Airfcdl clem
M

—
l.q

..59
T
cm Cti

O.olm
.W24 .01.fm
.0343 .OI.63
.o@4 .o185

:ai :2
.0155 .0348
.0195 .0452
.(X237 .0586

ZIY_h!p c1

-- 0
-- .03b
-- .c65
-- .@
-- .132
-- .201
-- .273
-- .349
-- .4A

.- 0
-- .019
-- .O*
-- .058
-- .o~
-- .118
-- .160
.- .203
-- .244
-- .=
-- .413
-- .h~
:: ;g;

-- .805

F@

m0 0.0139

:% :% ::2
:y5 XJ05; ---

.Olg
.204 .mq? .0249
.278 .o142 .0352
.353 .01s2 .0455
.42g .02* .05g7

) 0.0149
.0223 .0151
.m3g .0161
:% .0177

.0198
.0094 .U2fi
.0133 .0340
.0184 .0455
.cQ43 .0594

0
.5

1.0
1.5
2.0
3.0

;:;
6.0

0
.5

1.0
1.5
2.0
3.0
4.0

2::
8.0
0.0
2.0
k.o
6.0
80&

.-
--
--
--
--
--
--
--
--

--
--
--
--
.-
--
--
--
--
--
--
--
-.
--
--—

.032

.065

.m

.1X

.1$6

.269

.340

.4W

)
.cEo
.040
.c61
.091
.123
.165
.207
.249
f3J!

.s11
;%

& 1
----------00
-- . ng .a)l$
-- .036 .cm$
-- .047 .034:
--.m.mx
-- .120 .006c
----- ---
-- .203 .-
-- .249 .011$
-- .329 .01%
-- .416 .ol~
-- .514 .@4
- - .618 .03C2
-- ;~; 1:92
--

--- --

.CKb%

:&---
.O11o
.0146

z;
.0339
---

I.o118 )
.cn13 :3
.mug .0105
.-6 ---
.0031 .0E6
.W43 .01%
.m5g .c.t?c%
.0372 .Q70
.0338 .0349
.Olz? ---

.01s

.03s

.ti

o
.W14
.0022
. m29

.WQ

.Ocq

.W5
---
.Oils
.ol~

;;6i
.0342

:&
.U46
.1576

&

--
--
--
--
--
--
--
--
--
--
--
--
--
--

=

.ax2 .0E20

.aT21 .o124

.m30 .0134

.0034 .0145

.0047 .0382
.Om
.W1
-.

.20s

.2k7

.330

.415

.503
An

.003k

.m49

:Z
.oog8
.0136
.0171
.Cell
.cP61
.03g

-1
.0%4 .@3a
.cr&l .0292
.w ---
.0135 .0576
.Oln .0843
.0223 .1184
.CQ81 .1603
::? .2122

.27@ -L
.0162 - - -
.olg9 .1.143
.0241 .1554
.0311 - - -
.0411 .26

.7=
J&c
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TABLE 11.- LIFT, ~, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO F~ AIRFO~ TESTED - Conttnued

(c) Basic airfoil: Biconvex to c/3j t/c = 0.06
(1) h/t = 1.0, b/c = O

R=3.~fl R.3.5x10e R=2.OxlOs RE1.OXlOe
Tr8nslti0n fiicd

M
Ah50il clem Airfoil.clean Mrfoil clean

d:;
cl ‘% % %@ c1 cm cd F@ c1 % ‘d Lbp ‘=1 % % P@

1.45 0 3 0 0.0453 0.$ 0 0 0.0414 0.53 0 0.0415 O.% o c1.0417 O.q
.s .035 .0015 .0456 .55 .036 ,0021 .0423 .g? .036 0.c!cQ2 .044?7 .51 .038 ‘.W27 .*S ,33

1.0 .070 .m32 .0466 .% .W .~~ .o~% .2 .W. .w@ .o~l .W .075 .0046 .0445 .y.

1.5 .105 ,0351 .0484 .’33 .M .W+Q .0%8 .W .107 .- .0461 .49 .11o .m64 .0461 .%
2.0 .139 .0369 .oy22 .53 .142 ;0076 .0477 .y .143 .Oom .0479 .49 ,slg .Iw80 .0481 .%
3.0 .214 .c082 .- .53 .219 .Olc% .0%1 .W .218 .0106 .05z .49 .226 .olJ.3 .0569 ,53
4.0 .289 .cm28 ,0651 .53 .293 .0).3-/ .0643 .x .296 .0140 .C%46 .~ .y28 .0148 .0624 .%
$.0 .367 .Ow .0767 :? .370 .o~7 .w63 .2 .Yu .0171 .0738 .% --- --- --- --
6.0 --- --- --- --- --- --- -- --- --- --- -- --- --- --- --

1.98 0 0 0 .CZ86 .43 0 0 .cL255 .40 0
.41 .(QO .cxxo .02% .40 .020 ‘.mog

.cQ57 .40 0
.5 sQCQ .cxmg .cr2g3 .02s .40 .cx?l ‘.KJ1l :::

1.0
:$

.(X317 .0s1 .43 .040 .0317 .ct267 .39 .041 .W17 .m64 .40 .042 .0016 .0245 .48
1.5 .064 .ae3 .031.3 .40 .o@ .CU23 sQ78 .38 .c65 .cn25 .cQ78 .39 .M7 .cK?27 .cw$ .47
2.0 .cfyi. ..0029 .03?4 .40 .C84 --- --- .38 .086 .0328 .cEgo .3g .089 Jxy) .a?71 .47

.40 .128 --- --- .39 . lg
.::: ::: :%% ::&5 .41 .173 .cC147

.m40 .0333 .3g .136 .0044 .0316 .46
.0384 .39 .177 .my .0387 .39 .l& .@ .0371 .46

.220 .00S5 .0491 .41 .217 .W% .045k .40 .222 .0063 .0453 .40 .227 ,036g .0446 .45
z .266 .0079 .O%l .& ,262 .W71 .0542 .40 .268 .LX)76 K&46 .40 q-/ .c085 .Oylo .4P
8.0 j~ K)* .0809 .43 .3* .O1.w .q6g .40 , ~~ .0106 .0774 ,41 ,3.58 ,Olla q-/+2 .45

10.0 . hog .45 .446 .0134 .I.C%7 .41 .451 .0140 .1076 .42 .463 .ol~ .l&5 .45
12.o .547 .C201 . 14M .47 .541 .0175 .14.43 .43 .547 .0185 . 14EQ .43 .* .Omg . lyl=J .45
14.0 .640 .CG?27 .1928 .49 .642 .0229 .1915 .45 .653 .CQ42 ,1949 .44 .678 .cL26g .2015 .45
16,0 .744 .0263 ,2484 .51 .749 .cQ82 .2489 ;:3 .762 .0294 .2541 :: .785 .0310 .2,* .43
18.0 .855 .0301 .3154 .p .&j$ .0313 .3167 5 .876 .0319 .3235 --- --- --- --

(2) h/t = 0.6, b/c = 0.05

R=3. w~ R=3. ~Oe R-2 .Oxl& R=l .OxlOe

M as TrCn8ition fm Afrfoll clean Airfoil clecn Airfoil clam

deg
c1 cm. % F@ c1 cm ‘6 tip c1 cm cd tip c1 cm % P%p

1.45 0 0 0 0.0419 O.y o 0 o.03gf O.fl o 0 0.0363 o.~ o 0 0.0381 0.61
.5 .Oy .m25 .0423 .% .035 .0226 .0401 -- .033 .m27 .0370 -- .037 .lx)~ .0390 -.

1.0 .067 .0348 S)C)$ .56 .06g .CK53 .0415 -- .c65 .0Q53 .03& -- .O-f3 .ocl~ .0395 --
1.5 .101 .0072 .55 .102 .0078 .ob33 -- .Oy-( .m75 .04Q3 -- .U2 .C085 .0423 --
2.0 .1* .* .0470 .55 .137 .W97 .04y .* .130 .0393 .0421 .~ . l% .0106 .ob44 .%
3.0 .206 .01.I.9 .0530 ;;; .;% .0132 .0323 -- .1* .0328 .0486 -- .227 .ol~ .0514 .-
b.o .280 .0154 .0613 .0172 .0611 .* .268 .o168
5.0 .354 .0195 .0725

.0759 .53 .~ ,0195 .o~ .*
.% :355 .Q~ .m7 -- .336 SQ05 .057~ -- --- --- --- --

6.0 --- --- ---- -- --- --- --- -- --- --- --- -- --- --- --- -..

L.* 0 0 0 .0265 .b5 o .46 0 0
,5 .Qo .0314 ,0269 .44 .020 ‘.ooll :ZE .45

.CQs .4g o 0 .0226 .56
.020 .cm.2 .ce41 .49 .020 .co16 ,@26 .%

.Om .m~ .cz277 .43 .042 ,c023 .0231 .44 .041 .m2 .0247 .48 .ok3 .c030 .CQ29 ,%
;:; .C%l .0036 .0288 .43 .0$2 .0034 .W52 .44 .063 .0334 .02f5J .48 .067 ,CQ43 .@44 .55
2.0 .092 .(043 .Om .4k .034 .CQ41 .w76 .44 .034 .0338 .0272 .47 .c&f .Ooyl .(z~ ,54

.125 .CQw ,0340 .44 .126 .00% .0315 .44 .L2g .@ .0315 .46 .131 .0q2 .03cJ? .53
::: .170 .0077 .039 .44 .171 .0073 .036g .44 .173 .0075 .o~ .45 .178 .W1 .0354 .y
5.0 .214 .oog6 .OWJ .44 ,214 .cqo .0437 .44 .218 .Q3g? .0440 .44 .223 .0105 .0425 .51
6.0 .2* .0U7 .09!5 .45 .258 .0108 .093 .44 .264 .0111 .Op’j’ .44 .2’j’o .0126 .c@n ,*
8.0 j: .O1$ .qa .47 ,347 .Olkg .gfp.2 .44 .352 .0154 .q48 .44 .%l ,0175 .0744 .%

10.0 .m45
12.o

.p .439 .0195 .1035 .45 ,443 .CQoo .1040 .44 .455 .?2222 .1044 .S1
.531 :cQ77 .1417

14.0 .624 .0321 .1847
.52 .532 .@49 .l~ .45 .537 .025 .1350 .~ .559 .cR85 .1452 .2
.55 .630 .0315 .1854 .45 .639 .0324 .1384 .45 .665 .039, .1945

:E i16,o .p8 mg ; .57 :7J.. SIJl ;2$LJ y ;;46 SJfi3 :24~5 :$ .771 .0403 .2s
1.8co .837 . --- .-. --- --

.

.

.
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TABLE II.- Lm, DRAG, AND PITCHING-MOMENT COEFT’lK!llZNTSAND
BASE PRESSURE RATIO FOR AIRFOILS TES@!Il- Continued

(c) Basic airfoil: Biconvex to c/3, t/c = 0.06 -“Continued

.

.
(3) h/t =0.3, b/c =0.05

R-3 . -d
I

R.3.5xl@ R-2.0x10e R=l.OX.@
Thneitfon fixed Ahfoll clean Ntioll clean tioll C.lc&l

M I I I

P@ =1 % 1cd P@ c1 % ‘~ bPt=+f++P

..4:

..*

).0369
.0373
.0381
.0396
.oA16
.0472
.0572
.0660
.0783

.=9

.0232

.0237

.@49

.0262

.Owl

.0372

.obfl

.o~

.qlo

.0994

.1*

. lno

.2295

&2L2

3.5310 10 10.033810.7310 10 10.0333/0.6010 [0 10.032610.700
.

1:6

1.5
2.0
3.0

;::
6.0

0
.3

1.0
1.5
2.0
3.0
4.0

2::
8.o
0.0
2.0

:::
8.o—

.033

.06-/

. lm

.13k

.203

.274

.346

.417

.W1

.042

.061

.032

.E?5

.168

.211

.253

.341

.kw

.25
A20
.714
817L

.m29
;%

.Olce

.0139

.0178

.@23

.@&

.W14

.0CQ8

.0041

.aJ49

.0368

.-

.O11o

.0133

.OI.86

.0247

.0317

.0370

.0431

&!&l

.9 .034 .crEg

.g .067 .Q3fi

.y .1o1 .mE15

.~ . lx .010’7

.% .206 .0149

.% .279 .01%

.61 .351 .023

.@ .423 .CQ88

.0342

.0355

.0371

.0B5

.04&l

:s
.0794

.!37 .03:

.y .06s

.g . Ke

.s7 . 13(

.m27

.Oclso

.rm%

.O1.11

.ol~

.ol~

.CF43

.033

.0338 .60

.0348 .@

.o#s .&l

.Om .60

.0457

.0544
.*
.y

.Cf5% .g

.0761 .78 -

.@

.o~

.110

.144

.220

:%

.0239.

.0Y71

.0105

.o127

.o178

.@26

.0281

.0328

.0339

. 0s1

.037s’

.0452

.~kl

.C654

.70

.70

.70

.70
&&

.69
-- -1.- -1 -- -1 --

.01%

.Olgg

.CQ05

.IX18

.CQ31

.CQ72

.ozb

.0391

.0479

.-3

.Cm

.1340

.mau.610
.61 .mO0.mI.6
.60 .042 .0332
.60 .064 .cab5
.Z .083 ,0061
.a .128 .0384
.% .Im .o1o5
.% .217 .0129
,% .26k .01b8
.% .353 .cQo3
.53 .443 .0265
.49 .* .033L3
.44 .646 .0414
.42 ;p .ob-@
. 0 1

.0M6 .71

.Oua .71

.0189 .TL

.- .71

.0220 .70

.0262 .*

.0315 .68

.03f% .64

.OMO .65

.0694 .63

.0934 .~

.1375 .=

.@% .!2

.2405 .47

. .44l!!
.440
.44 .(20 ‘XxX6
.43 .okl .0CQ8
.43 .M1 .C039
.43 .083 .0048
.43 .125 JX65
.43 .168 .C034
.44 .212 .0103
.b3 .255 .o127
.45 .342 :&7;
.51 .431
.Zh .= .0290
.% .617 .0393
.61 .719 .0431
.a .821 .0

D
.0015
.0331
.0244

:%
.00y
.o1.14
.0133
.o186
.02bl
.03Q5
.0379
.04s0J

=&

.0213

.@25

.0239

.CQ78

.0?29

.035%

.0478

.msq
:g

.1754

.23?7

.2 3

.x
,x
. 4s
.%
.45
.45

::
.@

o
.CE2
.Ok?
.C62
.034
L-+7
.17-2
.215
.26C.

L
.49 .347
.% . b3;
.46 .-
.43 .fQ8
y 1:32

(4) h/t = O, b/c = 0.07

R-3.5U@

a, Trattaftion fixed
R-3 .5x10= I R-2. OX@ I R-1. OX@

All-foilclean kkeoil CleBn mrfoll Cle8m
M —

mlp % I % Imp

1.*

?.9

—

o 10 10 lo::;~

.0348

.0364

.0383

.0436

0 0.0308 --
.034 .m33 .0312 --
.0s5 .IX65 .0= --
:~ A09; .0333 --

.0358 --
. lgg .o165 .0420 --
.268 .c?a .o~ --
.336 m-n .@n --
.* .0332 .0742 --

0 .ol& --
.019 .0x8 .ol& --
.038 .w3k .o187 --
.cy57 .0049 ,0199 --
.0’77 :2 .cQ$ --
.K17
.l~ .0U24 :C298 ::
. l$g .0126 .o@ --
.240 .01% .0439 --
.93 .U203 .~k --
.410 .cqi( .- --
.499 .O*O .K55 --
.W .039 .1676 --
.635 :$; .:$: --
.787 -.

3
.O*
.065
.W
.13
.201
.274
.341
.405

0 o.@g7 -, - 0
.cop .a?9g -- .O*
.W66 .03ql -- .&
:= S&g -- .104

.1%
.0171 .0417 :: .21C
.cx46 .0503 -- .28:
.m80 .0611 -- .3X
.035k .0721 -- - ---

0 .0176 -- 0
.0017 .0179 -- .@c
.cw33 .o184 -- .035
.W@ .01% -- .05s
.O@g .a?08 -- .07s
.0084 xQ~ -- .12c
.Ou.l J&
.o134 .0358 :: .2W
.o161 .0438 -- .247
.0215 .c@Q -- .333
.cP68 .Oyl -- .421
.0352 .1260 -- . 5?3
.0412 .1701 -- .627
.0490 .2228 -- .722
.O* .2834 -- .@3

D o.-
.cxmo .=
.0274 .0305
.01c4 .03?7
.0135 .0+8
.0193 .0415
.cQ54 .0504
.0312 .0610

--
--
--
--
--
--
--
--

.-
--
-.
--
-.
-.
-.
--
--

--
--
--
--
--
--
--
--
--
--
--
--
.-
.-

=

.5

;:;
2.0
3.0
4.0

2::

.Oe

.065

.Q7

.U?9

.195

.263

.333

.402

.W35

.K&s

.6

.o120

.OI.64

.cQ13

.CQl%

.0318

.0514

.c618

.crp2 ---1 ---1--

L
00 0

.5 .U21 .mlt
1.0 .obl .03%
1.5 .0s0 .crlu
2.0 .031 .c@$
3.0 .121 .W&

.163 .0104
~:~ .205 .Olx
6;0 .247 .OIZ
8.o .331 .0214
::: +g .~

Lb.O .x :0404
16.0 .6$E2 .046s
L8.o .7% . 3

.cQ17

:E
.G23.6
.cA8
.C286
.0335
.0383
X14J:

.0953

.1303

. Ims

3
.019
.039
.@
.078
. U8
. 1~
.200
.243
.Y7
.412

.-

.600

.701

4 J
D .0174 - -

.001fs .0174 - -

.my .0175 - -

.m .oi89 --

.c054 .cQoo :-

.cn93 .CQ42 --

.0L27’ .ql --

.ol~ .0356 - -

.o180 .04bl - -

.c1241 .c65e --

.w.Q29--

.037b .13U - -

.0453 .17’71 - -

.0517 .s?289 --

. .2 --
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TABIX 11.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOIILSTES!CED- Continued

(c) Basic airfoil: Biconvex to c/3, t/c = 0.06 - Continued

.

d:;

r
.5

1.0
1.s
2.0
3.0

;::
6.0

0
.5

1.0
1.5
2.0
3.0
4.0
5.0

:::
0.0
2.0
4.0

$:—

—

d~;

T
❑

1:;
1.s
2.0

:::

2::

0

1::
1.5
2.0
3,0
4.0

2::
8.0
0.0
2.0
4’.0
6.u
8.0—

(5) h/t =0.6, b/c=o.33

R=3.~Oe I R-3.5xD8 I R-2.OKL@
Transition fixed I R-1 .-

Airfoil cle- Alrfoll clean Airfoil clem,

IT
‘1 cm cd

o 0.0378
.035 .0025 .0383
.@ :%4: .0395
.lo& .04U
.139 :~} .0431
.203 .0489
.281 .0147 .0573
.355 .Olob .om~
.429 .0225 .cfzg

1
0

.021 .0011

.042 .W23

.c63 .0034

.033 al:

.127

.171 .0073

.215 .c039

.273 .0108
yEJ .ol~

.0199
.533 .0263
.625 .0305
.728 .037?
.8 .0407

.0234

.@37

.02h3

.02$

.0270

.0309

.0s

.0429

.051.5

.079

.1024

.1392

.1817

.2355

m

).54 o 0 0.0334 0.57 0 0 0.0335 0.% o
.53 .034 .0025 .0338 .% .034 .CKQ4 .0339 .* .035 ‘.W29 0 :%?
.% .070 .0049 .0348 .55 .068 .0071 .037. .55 .072 .0055 .0340
.51 .104 .lxfr4 .036+) .55 .104 .w76 .0371 .54 .11o .mfll .0364
.% .139 .00% .0393 .55 .140 .0095 .0393 .55 .147 .C@8 .0387
.53 .210 ,0130 .04&l .55 .214 .0131 .0442 .54 .225 .0139 .0461
.% .281 .OI.67 .05W .% .287 .“0171 .- . yl .301 .ol&? .0549
.51 .358 .0207 .06-57 .% .363 .021.J. .C668 .% .379 .@27 .C&2
.55 .425 .0246 .O-p3~ .64 --- ---

1
.430
.42 .021 ‘.coll
.42 .04s .0323
:42 .o& .WlT2
.41 .C84 .cn38
.41 .127 .c1351
.41 .170 .cn57
.42 .21h .0C83
JIJ .;g .~olo

.46 :437 :0182

.48 .529 .Wl?a

.53 .627 .0301

.57 .731 SIC)::

.ti .8

.02C6

.ceo9

.0216

.0227

.C240

.C&79

.039

.0399

.0485

.0701

.Qm

.1375

.MO-l

.23&2

aiE!$!Lb
.430 0
.43 .@2 .cnlJ.
.42 .044 .0324
.42 ;~a6 .W34
.43 .0038
.43 .130 .m~l
.44 .175 .m-fo
.44 .217 .ocW
.44 .26i2 .o1o3
.46 .350 .o143
.47 ,439 .o188
.47 .534 .0246
.44 .642 .0317
.k3 .749 :oti~
.b .

(6) h/t = 0.3, b/c = 0.33

---1 --1---
.U?05 .48 0
.Oxq .48 .CQt
.CQ12 .U .044
.U22?5 .47 .@?
.0239 .47 .m
.0280 .47 .13C
.0333 .47 . ~7e
.0400 .47 .223
.0489 .47 .272
.070!3 .47 .36C
.1003 .48 .454
.1369 .47 .554
--- .w+ ---
--- .40 .76Q
--- .lm .R7=

---

0
.CK)ll
.Ca22
.CXJ33
.0035
.0055
.wY16
.aiJ3
.Old
.01%
.Cmo
.0278

:0%
nlLah

---

.Olgb

.0193

.ceok

.cQ17

.0231

.0273

.03?7

.0400

.0496

.q16

.1019

.1416
---
.2468

*

—
b/p

~

.60

.60

.59

:Z
.73
-.

;:

.60

:3

:$
.’Y1
.5s
.53
.49
.46
.43
42~

R-s .x I R-3 .~Oe I R=2.oxl&
I

R-l.OWOS
Tr.m8iti0n fixed. Airfoil Cleam Air~Oil cleem .41rf0ilclean

c1

T
.033
.&
.102
.134
.2cQ
.273
.345
.417

)
.021
.042
.061
.083
.124
.168
.211
.253
.340

:%
.608
.g

-

T
.0354

.0CQ9 .0357

.m55 .0365

.CQ78 .0379

.0G?)7 .0396

.0133 .04%

.0170 .05w

.0213 .0637

.CQ62 .0766

I .0214
.C015 .021-/
.CQ28 .CQ23
.c041 .11233
.cm49 .0246
.W67 .@84
.Ms7 .0336
.ol~ .0h22
.0128 .0483
.0177 .0594
.0235 .09-76

-L
.0303 .139
.032 .1738
.0417 .22%
.048 .224

kp c1 ‘+ cd Elp c1 % cd Pbp % cm cd

3.36 0 0 0.0314 0.54 0 0.0?98 0.59 0 0
.36

o.C@22
.0319 .54 .034 ‘.W29 .0304 .59

.36 :%5 :%? .0326 .54 .C67 .Cxy% .0315 .% :% :%3: :%!!

.37 .m2 .0083 .0345 .55 . la? .0%3 .0335 .~ .103 .Cn$12 .0339

.3 .136 .0106 .0364 .% .138 .0106 .03% .% .145 .0111 .0359

.* .226 .0139 .0428 .y .2q .0148 .0426 .* .220 .0159 .0429
,39 .278 .0191 .0514 .60 .281 .0194 .Oy.e .- .295 .02d .0515
.41 .349 .0235 .cfq .% .352 .0238 X625 .60 .* .02* .0621
.* .416 .02& .w~ .59 .421 .0303 .cq37 -- --- --- ---

.41 0 0 .0183 .46 0 0 .0B2 .53 0 0 .mm

.41 .020 .0013 .0185 .46 .020 .0013 .o185 .53 .019 .(YJ13 .0181

.41 .041 .IXJ26 .0191 .46 .040 .0026 .0U8 .53 .042 .Oceg .ole2

.40 .061 .c037 .0201 .46 .M1 .W39 .U201 .53 .063 .0040 .olg7

.40 .031 :o&5 .czl; JJ .yk .cKhy .@14 :$ .&5 .% .pb:
,43 .122
.41 .164 .cJmJ :0302 .47 :168 :0355 ::W%4 .yl : 1~ : lm99 :0297
:5 .;$ .- .0369 .47 .21.O .0103 .0369 .% .216 .0113 .0369

.0451 .48 .254 .Olq .0454 .51 .262 .0136 .0457
.46 :338 ::&g .&l .4.9 .340 .0173 .c663 .p .350 .Oly( SK-p
.48 .4Q5 .0219 .093a .48 .4Q5 .= .0940 .48 .438 .02% .0j61
.53 .515 .@279 .m3 .~ .5M .0289 .@ .43 .*1 .0326 .1354
.61 .608 .0351 .1723 .41 .616 .Om .173 .40 .64> .Oti .@27
.63 .705 .ob23 .2244 .41 .73g .0437 .2294 .38 y; .0464 .2364
.60 .803 .04& .e866 .46 .&1 .0493 .2911 .39 .

%/p

.

.

.

.

I
I

.

“
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TABLE 11.- Gt3?T,DRAG, AND PITCIEU?G-MOMENTCOEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TEZIXID- Continued

(c) Basic airfoil: Biconvex to c/3, t/c = 0.06 - Concluded
(7) h/t = O, b/c = 0.33

R=2.Oxl& R=l.OxlOe
Mrfoti clcau Airfoil Cle8LlI I R-3 .+ I R=3. ~Oe

a. Ti-amitic.n fixed.. MrPoil Clccn

“Ide=t=-m % cd L@

o
.-

0
:% ::

;% .:~cl --
--

.OU.3 :0352 --

.01% .0415 --

.CFlo .Om --

.w~ .0603 --

.Om .0739 --

0 .o~ --
.0015 .o186 --
.W30 .0193 --
.0041 .@@ --
.0253 .0215 --
.Oo-(1 .a251 --
.Qag2 ::% --
.0U2
.0137 .0447 ::
Xllg :~ --

.@gg .lz%g ::

.0373 .16@J --

.

P@
--

bp c1
-- 0
--
-- :%
-- .0%-- .13(
-- .lg$
-- .267
-- .337
-- .&oh

-- 0
-- .01s
-- .041
-- .0%
-- .07e
-. J-J$
-- .l&
-- .2=
-- .24;
-- .331
-- .Ut
-- .504
--
-- :%!
-- . ~1

cl

0
.03?
.076
.KQ
.136
.20a

%

,.0324
.0526
.0335
.0348
.03-57
.0422
.Om
.@05
.0’735

.0204

.0208

.C421k

.0223

.023’7

.e73

.@3

.0387

.0468
X673
.og44
. 12%
.L5&
.2178

JZYZ!

%

.0333

.W9

.0101

.ol~

.Olr

.@30

.@&
---

.Ocel

.0042

.Wz

.@

.W3k

.0108

.0134

.0163
JZ18
.ce78
.03@
.0420

3

.0

.0

--
.O*
.03?
.039
.041:
.05v
.061:

-- --- --- -.
-- --- --- -.
-- --- --- --
-- --- --- -.
-- --- --- -.
-. --- --- -.
-- --- --- -.

--
--
--
--
--
--

.281

.353
--- --- --

0 0 .Olao --
.o18 .oo16 .o180 --
.ok3 .0032 .ol~ --
.a~ .0043 .olg8 --
.079 .Wyi7 .@ll --
.llg .0375 .C248 --
.l& XIGJ; xlC13 --
.204
.247 .0145 .0455 ::
.331 .Olp .06m --
.418 .cQ47 .0325 -.
.* .0309 .W --
.603 .O* .1705 --
.703 .0405 #o --
.Eq+ .05?5 --

0
.015
.042
.052

.O1-j-l

:0%
.0192
.m
.U24C
.@91
.03%
.0435
.*

.-
--
--
--
--Kin’

.lM

.1.63

.20k

--
--
--
--
--

.246

.337

.424

.=

.622

.723
&

--

w --
--
--

=

(d) Basic airfoil: Biconvex -toc/2, t/c = 0.04
(1) h/t =1.0, b/c=O

I I R.3.5x10e I R-3 .~& R+.Oxl& _bE%-.. I a.1 !lkucitimfm I Mi-fdl clecn I Airfoil Clcca

“I“kl=-T=- GGT=m000 o.ce34

1:0 ;% :%: :5;

::0 .W :%: .028k
3.0 .2SL .0235 .03y2
k.o .289 .w~ .0445

.3k6 .0081 .0563
?:o ---------

m lT
00 O.CEE

.031 .W106 .0216

.067 .Ooll .022?

. KQ .0016 .Q,?38

.1* .0JU3

.210 .W3

.s .C046

.%6 .0074

.490

N.&g .035 ‘mm :3 O:??
.50 .0-70 .CCml .02u .*
.50 .M .0m8 .02m .=

.571
.>.100 .oo13
.9 .13 .0m6
.50 .208 .cCz?j’
.W .282 .0243
.!iL .353 .m65

.&e

.0327

.0416

.0535
---

.0138

.Ollla

.0138

.ol~

.Otil

.01%
---
.0316
.0402
.c617
.Oglo
.lxQ
.1703
.23c6
---

II.-%.144 .mk E-j .r-
.W .220 .QcA2 .=1 .53
-z .302 .QC%3 .0403 .93
.9 --- --- ---

--- I
--
----1---1 ---

---

.0U2

.ol&

.0147

.01%

.o163

-. --- ---

0 0
.017 .CCQ5
.037 .W
.&cl .M1O
.081 .cnlo
.llg .oo14

--- ---
.207 .0226

-- 1--- ---

1
.0123
.0126
---
.OI.37
.0148
.Om
.cZ237
.Ow
.03ti
.&
.Oyk
.1288
.176a
.2370
.->

.37 0

.36 .019 0.cGo5

.36 .040 .-

.37 .& .cQo-7

.37 .* .mJ-f

.y .124 .0010

.38 .16T .m15

.3s .210 .0319

.39 .253 .c025

.40 .343 .003g

.42 .430 .@

.44 .~l .cq2

.39 0

.39 .017

.40 .03~

.40 .~

.3 .csl

.39 .124

.@ .168

1.* o 0 0 .o164
.5 .019 .Oook .oti4

.040 .c0a4 .o168
;:; :%4 .=7 .:tiol
2.0
3.0 .127 :!X13 :oi27
4.0 .172 .m3 .a%l
5.0 .ZLT .0034 .0350
6.0 .261 .0CA5 ,Oky(
8.0 .349 .c064 .O@?

loo .440 .0034J .0937

.36

.36

:$
.36
.36

:2
:$
.39
.41

.46

::

:;

.45

.45

.45

.46

::
.47
.45

=

.40 .2J2 .oa24

.40 .258 .0335

.41 .347’ .-

.41 .445 .~o

.@ .*3 .q

.42 .* .0122

.41 .767 .o165

.251 .c@9

.340 .0346

.430 .-

.9= .00-74

.618 .O1.cx?--1---1 --- .- -1 --
----- .740 .0139
----- ----- -

-- 1--.1---
---- --- .-l__ -t---
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TABLE 11.- LIFT, DRAG, AND PITCEING-MOMEINTCOEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(d) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Continued

403930

.

.
. .

(2) h/t =0.6, b/c =0.05

,

R-3.5x106 I R-3 .X&
Trcmition fixed Mrfoil clam

R=2.Oxl@
Jd.rfoilclean

Gl=l=

R-1 .O!@&
MI-foil clean

ZEIX
).% o
.x .035’
.* .071
.* .1W5
.58 .142 .COu .Celg.
.% ,215 .- .CQ8$I

:$ :%:, :% :gb
------ -- ---

.~ o

.% .019 ‘.mll ::A

M d:;

1.45 0
.5

1.0
1.?
2.0
3.0

;::
6.0

1.98 0
.5

1:;
2.0
3.0
4.0

?::
8.0

10.0
ISi.o
14.0
ti.o
18.0

—

IT
c1 % cd

O.om
.0300 .0017 .CQ15
.64 .cCQ3 .=”
;~4 .0329 .@39

.0335 .023
.203 .o@5 .0326
.288 .0285 .0422
.364 .0K3 .0533
.b36 .0167 .0%2

lh#’1 cl I cm I cd lpt@

m0.% o O.olgl 0.55
.y)l .033 .m15 .0196 .54
.p .065 X022 .02= .54
.51 .09g .cKQ4 .0217 .9
.51 .135 .0032 .0236 .*
.Z .205 .0045 .0W2 .35
.54 .279 .ma .0371 .35
.77 .357 .Olw .0%9 .%
.61 .437 .0173 .~44 .63

1
0.0176

.033 .oo13 .o18~

.0% ,0223 .01$0

.l.m .0230 ,@

. I* JXJ35 .0229

.209 .ctlp .(Q94

.283 .Wk .0382

.* .o1o5 .Om

o.
0.01.60

.0&21.0173.

.W .0179

.0034 .cz?ol

II
---- ----

0
.01.E .mog
.03a .0313
.0% .WIT
.081 .0321
.123 .cU27
.167 .cx)36
.213 .0s+6

:Z :Z
.432 .W86
.= .o125
.626 .Otik

.Ola

.o122

.0124

.0133
,0144
.o182
.0235
.0306
.Om
.0605
.0388
.u?k3
.17cE
.2284
.3001

0
.o18 .Cm8
.039 .0310
.059 .0014
.031 .0013
.123 .0923
.L67 .c$331
.211 .a)kl
.$2% .03%
.345 .c075
.k35 .010)
.524 .Oly
.621 .o164
.732 .0234

.0146

.ol~

.0151

.0160

.0172

.cr209

.c2&

.0330

.0L13

.0627

.W

.ISm

.169h

.2261

.41 0

.40 .017 ‘.CW-7

.40 .03 .0010

.41 .@ .0015

.41 .C80 .0017

.41 .122 .0cQ2
:g .16: .003

.W39
.42 :253 .c$s!a
.& .341 .W70
.46 .431 .0C93
.49 .519 .0119
.2 .618 .0148
.fL1 .725 .0197

.OI.21

.o123

.0124

.0132

.0145

.Olm

.CQ34

.Om

.0391

.06c6

.0883

.1234

.1.667

.2221

:$!
.48
.48
.48
.48
.47
.47
.46
.U
.43
.43

::

.s5 .039 .0213 .o124

.m .06Q .CD21 .0138

.% .C84 -m .0148. ..—.
.CK)32 .o189
.0348 .0241

.53 .2i? .W$ .0311

.fi? .261 .(X%4 .0400

:E ::;; :Z :%:
.48 .542 .0142 .IZ89
.46 .6w .ol.& .17-0.
.k3 .765 .0236 .2367&ls ,431---1 ---1------- -.. . ----- ---- ----

(3) dt = oG3, b/c = ooo5. ”

R-3 . .5x10e

%
Tmmeitio)l fixed

M deg
=1 % %

1.45 0 0 0 0.0167
.5 .030 .0319 .0175

1,0 .O& .0G27 .0181
1.5 .096 .~33 .0195
2.0 . QKl .CKA4 .021!j
3.0 .201 ,00S8 .0275
4.0 .274 ,0103 .03&
5.0 .34 .0141 .0472
6.0 .426 .Om .c%lb

R=?. %lOS 1 R=2.oxl@ I R-l .OXI.Oe
Airf&i clecm I Airfoil clean I Airfoil clean

F@—
0.4C
.41
.M
.4C
.41
.41
.44
.%
.6a

.45

.46

.46

.46

.46

.46

::
.47
.47
.43
.51
.55
.57
.61—

=1 % % Pbp c1 % cd WP c1 % cd P@

1 0 0.o136 0.% o 0 0 0.o120 0.80
.031 . (xn6 .0141 .% .032 0.cKz20 ‘::& O:;? .034 .Ool.a .Olg .80

.73 .06a .cm31 .03.37 .79

.71 .0158 .78

.70 .Oln .76
.(X244 .75

.272 .c0G5 m-ZJ ‘ :g t .;g .% .032fJ :Z

.347 .Olsn
.@39 .72

.0kk8 .64 .0460 .70
.425 .0169 .O* .& :431 :03B5 .0594 .6b --- --------

0 .- .* 0 0 .W .73
t’

o

I

.0K6 .79
.tns .Cc9 .m93 .58 . Eo .003.2 .0093 .73 AZ: .(XU.1 .O11o .79

.cK116 .0119 .79

.C&k .0323 .0147 .% .&5 .c029 .o13j

.W .0330 .o164 .% --- .0039 .o169

.131 .0338 .om2 .W .132 .cKJ45 .0176

.2ca .mm .Wk? .59 .2o4 .& .O#ll

.104 .00Q(

.139 .@

.21.I. .KJ-fe

.289 .0111

.x .01$

1.98 0
.

1:;
1.5
2.0
3.0
k.o

3 0
.019 .cCQ
.039 .c013
.cKo .0318
.0% .0017
.lm .0226
.164 .C038

.0U9

.0E2

.olxJ4

.0133

.0144

.037 .KO.2 .W .37 .039 .0in6 .0101

.0s .0017 .Olql .y .061 .0023 .On.l

.O-f8 .Ixng SOII.8 .% .C81 .Kr2g .o124

.119 .ot128 .0153 .% .K2 .0037 .o161

.?E

.71
,71
:2 II

.Ofe .0024 .o128 ,qg

.c& .W32 .o138 .70

.I.24 JX)40 .Oln .V

.16’7 JxyJ6 .a228 .74

.209 .00S5 .cx294 .7S!

.Ola
, ce31
.0295
.0376
.051
.0849
.1187

.MiJ.’W40 .0263 .35 .164 .@ :0210

.201 .0049 .0266 .53 .205 .(X61 .CQ79

1
2::
8.0

10.0
12. o
14.0
16.cJ
18.0

.2C6 .O@

.249 .til

.394 .0089

.419 .o122

.W .0153

.604 .0193

.6%
.243 .O&l .0347 .5j .248 .~ .O* .6k .253 .Wl% .03?9 .fi
.328 .0087 .057? .49 .333 .03.01 .Omo .61 .337 .OII.2 .06~ .@
.413 .o112 .0839 .48 .418 .o125 .085 .y .426 .0139 .C&2 .61
;499 .0142 .1153 .46 .~ .0153 .ll& .2 .= .o17k .1230 .3
.596 .0173 .1%1 .44 .&5 .o188 .1(QI .46 .E4?j .(mlk .1684 .y3
.7’03 .CQ22 .21.15 .42 .716 .C@10 .1947 .43 .736 .* .2324 .49

Jai
.2147

-
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TABLE II.- LIFT, DRAG, AND PITCEING-MOMENT COIN’l!ICIXNTSAND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(d) Basic airfoil: Biconvex to c/2j t/c = 0.04 - Continued
(4) h/t =0, b/c =0.05

R-3.5XKP

I

R=3.5x.l@

I

E-2.-

% I

R.1.oxloe
Tr8nsitim fti Nrfofl Cle-sn Airfoil Clu!n Afrfoll *

‘egt=l=
o 0 0
.5 .03 .mz

1.0 .c61 .Oc&
1.5 J9; .004t
2.0 .03g
3.0 .1* .m
k.o .268 .o12~
5.0 .3kl .o167
6.0 .417 .0213

L
000

.5 .019 .0013
1.0 .039 .0319
1.5 .05g .0SQ5
2.0 .078 .Ocml
3.0 .lm .*
k.o .161 .-
5.0 .- .W67
6.0 .244 .m33
9.0 .329 .ol17
2.0 .414 .0151
2.0 .X1 .Olag
4.0 .594 .cQ30
6.0 .Tcm .cx?95
s.o ------

1.Om
.013
.013
.0151
.Olm
.cQw
.0314
.0421
.055C

.m

.W

.0101

.ol@

.o120

.0154

.ceo3

.0265

.0345
:2

.U33

.1551

.2q8

=

P@ ‘a
-. 0
-- .031
-- .@
-- .@
-- . Ma
-- .195
-- .266
-- .340
-- .Q8

-- 0
-- .019
-. .039
-- .059
-- .079
-- .119
-- .l&l
-- .2cQ
-- .244
-- .328
-- .412
--

-- :%
-- .6g4
-- ---

‘% % F-k@ %

o.o125 -- 0
.- .0128 - -. .09
.Oml .o134 -- .052
.cK141 .0147 -- .qs
.~l .o167 -- .12g
.m75 .ce23 -- .1*
.O1OT .0305 -- .%a
.0143 .0415 -- .y12
.0193 .0553 -- .420

.C033 -- 0
.0014 .0095 -- .Ola
.0LE3 .0088 -- .o~
.cKQ6 X#g; -- :%
.ocx29
.0041 .0139 :: .120
.ccyl .Olgo -- .160
.& .a?w -- .202
.cKl& .Oa -- .246
.O11o .o~ -- ---
.0141 .qgl -- ---
.o174 .u26 -- ---
.@u .1540 -- ---
.cQ62 .2048 -- ---
--- --- -- ---

% f% mJ/P Cz

0 0 .oK17 -- 0
.0021 .0321 -- .030
.m35 .0130 -- S%5
.0047 .Olti -- .0g7
.@ .0161 -- .134
.mal .021a -- .202
.0115 .@gg -- .276
.ol~ .0411 -- .357
.mll .m -- ---

0 .- -- 0
.Omo .txy2 -- .Ola
.=1 .(x)76 -- .o~
.0033 .c#3 -- .cKo
.@* .Wp4 -- .080
.W51 .Olz?g -- .320
.0267 .0177 -- A53
.Oqg .ce41 --, .2C%
.cK)5J4 .@l -- .251
--- --- -- .333
--- --- -. .@
--- --- -- ---
--- --- -- .&5
--- --- -- .736
---- --- -- ---

(5) h/t = 0.6, b/c = 0.50

I t

w 1
0.46

.b5

.*

.45

.45

.44

.45

.43

. k-(

I

.Cml

.til

.W

.W

.0109

.0143

.0191
---

.cm3

.cU?l

.003?

.0043

.OcKQ

.@

.Q@l

.Olq

.0144

.0175

XJ
.0313

=

%

‘.OKQ
.OLU
.OIJ.4
.0140
.0151
.Ceo6
.-5
.0418
---

.LYX57

.m65

:%

.O1.y

.0179

.cZ246

.0528

.0526

.07s9

:2;
.216g

-

--
--
--
--
--
--
--
--
--

--
--
--
--
--
--
--
--
--
--
--
--
.-
--
=

R=3.5Xl@ R-3 . 5x10E R-2. WJ.0= R-1.Oxl@
Transition fixed Airfoil cl-em Nrfoll clean Ml-foil Cle.9.n

d:;
% ‘% % Wp ‘=1 % ‘d Pbp % % cd b~ “1 % Q

, ,
0 0 00 O.opx 0.53 00

.5 .037 0.0314 ‘:&B .033 .Cm2
1.0

.01% .53 .032 .0015
.070 .0019 .CQlo X66 .oo16 .o164 .53 .067 .0319

1.5 .105 .o@6 .W28 .ml .0019 .ol& .53 .KQ .IXZ23
2.0 .141 .0031 .cQxl .135 .cn?g .C2cQ .53 .137 .-8

.ZG9 .cK134

.281 .- :%2 :: :%5 :s

.358 .0cP81 .0474 .54 .= .Cos8

.Ulo .o123 .o&6 .55 .444 .o134

::21:21:dkd’iw%).0145 0.550

.017? .55 .tig .0CQ4 :Oti :%

.Olga .55 .145 .0ce9 .a204 .*
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TABLE II.- LIFT, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(d) Basic airfoil: Biconvex to c/2, t/c = 0.04 - Concluded

(6) h/t = 0.3, b/c = 0.50

R-3. ~@ R=3.5x10e

a)

R-2.0%10e R=l.ti
!crB.mition fixes AlrfOil clem Airfoil cleau Airfoil clean

—

M
cleg I [

c1 % I ‘% P~jl c1 % cd lPb/Pl ‘t

I

% I w P@ c1 % %3 IMJ

T
-,

o:a12; 0.;3

.0143 :52

:0;7; :;;
.0244 .*
.033a .@
.04Y .64

1.4:

1.9C

o 0
.3 .030

1,0 .053
1.5 .W
2.0 .13c
3.0 ---
4.0 .274
5.0 .348
6.0 .424

0 0.Oly-i
.cf)17 .Om
.m25 .0167
.0033 .0184
.W39 .0201
.0064 ---
.0098 .035L
.ol~ .04&
.0167 .@

0
.030
.*
.0s
.129
. 1$X3
.272
.343
.420

0 O.OM c
.0014 .0148
.W19 .olyJ
.0324 .0170
.0030 .0183
.0047 .CQ53
.0070 .0333
.Olw .0445
.0145 .~

L49 o
.4 .032
.49 .65
.49 .ml
.49 .132
.49 .X13
.49 .277
.49 .351
.49 .430

) 0.01%
.W14 .013$
.0Z22 .0147
.0030 .o16h
.0334 .0182
.0054 .024C
.0276 .0333
.o1o8 .Ow
.Olm .0593

O.%
.%
.Y
.53
.53
,54
,54
.55
.%

o
.034
.069
.103
.140
.213
.290
.369

)
.Cmt
.002(
.003(
.a)yi
.a%c
.W
.013(
---..- 1-----

0 0 0
.9 .017 .Wlo

1.0 .037 .cn13

;:: :% ::$
.118 .0325

::: .160 .W36

U ::E :%;
8.0 .328 .0083

10.0 .414 .0108
)2.0 .499 .0140
14.0 .yyl .0166
16.0 .701 .0?33
18.0 --- ---

.o112

.0H3

.0116

.o125

.0136

.0171

.cE20

.43 0

.43 .018 ‘XxX)7

.43 .039 .0010

.43 .060 ---

.43 .079 .m16

.43 .121 .0322

.43 .I.62 .(X331

.44 .205 .0038

.44 .247 .0049

.44 .330 .Oo-fl

.47 .420 .0093

.48 .%3 .o123
:; .Tz .01%

. .0196
.- --- ---

.37 0

.37 .mo

.37 .039

.37 .060

.g .081

.37 Jz;

.37

.37 .209

.40 .251

.42 .335

.44 .422

.43 .=jcr7

.42 .604

)
.m
.COI.2
.0018
.Cm8
.0229
.OxB
.m43
.Co%
.m79
.0100
.0133
.0164

.*

.W

.@5
---
---
.0151
,cx?ol
.0264
.0348
.05T7
.0828
.1167
,1601U

.430

. b3 .Olg ‘.@

.43 .039 .wn4

. k3 .I%2 .fx)16
A; .081 .OUg

.I.26 .co30
.47 .I.67 .m4
.49 .213 .mz
.50 .254 .ti3
.49 .339 .(x@
.4 .431 .Olf?l
.47 .526 .01
.44 .&9 .0191
-- .738 .ctzyf
-- .562 .0344

.0331

.0084

.m$l

.W9

.O11o

.65

.65

.65

.64---
.o119
.0155
.cQo4
.&
.0349

.ol~

.0197

.ce@

.0343

.0554

.0833

.11
T.165

.2214

.

.

.@73

.0363
:$%;

.116J-

.1584

.2117
---

.65

.57

.55

:%

.- -1

.@6

.Ilm

.1579

.2179 I.42-------- -- -1--- 1
------ A2?d .43-- -1

(7) dt = O, b/c = O.~ —

R-3 .W08
Airfoil clean

T

% % % Pbp

o 0,0105 - -
. (J29 .co~8 .0106 - -
.0s3 .lm31 .0U2 --
.092 .0039 .0W6 - -
.125 .cK147 .0146 - -
.193 .c&a .LY2cyj - -
.263 .cK@5 jr2~8 - -
.336 .0131 --
. 4KL .0179 .O* - -

R@ .OxlOE

I

R.1.OW@
Airfoil cleaa Airfoil clean I—

bp
—
-.
--
-.
. .
.-
--
-.
--
-.

--
--
--
-.
. .
-.
--
--
--
--
--
--
--
--
--

‘%

.CQ7

.c63

.W

.125

.195

.268

.3b

.419

.O1o

.042

:%
, llg
.160
.2C0
.241
;~? I

:%
.705
~

1
1.45m00 0.0KL9

.5 .0290,0019
1.0 .c63 .0234

;:: :%3 :%
3.0 .195 .C079
4.0 .266 .OI.J..3
5.0 .338 .o15k
6.0 .413 .0198

0.0095
.m18 .cQx
.0033 .0104
.C040 .Ollg
.Ky?3 .0140
.cKrp mlg
.0103
.0141 .0%
.0197 .0542

.

.

- 0 0
.027 .O@c

- .058 .K@
- :OJJ .d?

.cnti
- .2W .mSc

.276 .o122

.352 .016$

.444 .0194

-- 0
-- .018 0.0m8
.- - --- .0324
-- .054 .002g
-- .Oi-’I .cK140
-- . llg .Oow
. . .l~ .-
-- .203 .0078
-- .243 .0395
-- ; 29 .Ollg
.- .Olm
.- .!n6 .Oln
-- ,616 ,CQ14
-- j2t3 .(X275
-. .0370

3.0093 --
.C094 --
.O1O3 --
.0117 --
.0138 --
.Olg --
.rE88 --
.Ow --
.0553 --

.0M4 --
Jxl&J --
.Cu’fl --

:G- :~
.o123 --
.0175 --
.C12y --
.0311 --
.05$ --
.LW90 --
. 11% --
.1* “--
.2216 --
.28ti --

.01E2

.0129

.Olkl

.ol@

.0222

.0310

.0439

.05%

.0393

:%

.0116

.01%

.oly3

.0261

.0341

.0538

.0793

.1119

. 153?

.2057

.2660N
1.93000

.5 Jjlll m):
1.0

::: XJ :s3
3.0 .ct139
4.0 .160 .K151
5.0 .200 .(Y363
6.0 .242 .c076

1::: ;%5 !:2
1.200 .492 .o160
;Jg .587 .0216

.693 .0313
18.0 . .0401 1

0
.019 .00=
.040 .cKn8
.Ofi .Owo
.~ .o@8
.117 .0036
.13 .C048
.1$9 .03%
.240 .0071
.325 .oog7
.402 .o123
.49 .o151
.584 .o183
.688 .m31
.800 .0611

.0067 --

.0370 - -

.cK)73 - -

.W9 - -

.0091 --

.o124 - -

.0175 - -

.U237 - -

.031.6 - -

.0517 - -

.Om - -

.w --

.1513 - -

.a --

.266 - -
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TABLE 11.- LIFT, DRAG, AND PITC!EING-MOMENTCOEFFICIENTS AND
BASE PRESSURE RATIO FOR AIRFOILS TESTED - Continued

(e) Basic airfoil: Biconvex, t/c = 0.04—..

—
R=3.5x10e I R+.0x108 I R-1.Oxl&

Ml-foil am Airfoil -= Ml-foil .Ql?fU1
—
b~
—
--
--
--
--
--
--
--
--
--

--
--
--
--
--
--
.-
--
--
--
--
--
--
--

=

f)

c1 %

I 0
.Oy .00si
.c64 .OcLH
.Ogk .m36
.128 .m48
. lg6 .00-(2
.267 .Olok
.331 .0144
. k16 .01$2

) o
.019 .Oo11
.040 .0019
.@ .o@3
.O@ .C030
JIJ .OJg

.2e :O#?I

.241 .W&J

.324 .Olrs

.&6 .0136

.@ .o163

T
00
.5 SIC

1.0 xx%
1.5 .0g6
2.0 .=8
3.0 .lg6
k.o .26e

2:: ::2

1.0121
1

lollk -- 0 0 0.0103 -- 0 0 0.0095
.OU.6 -- .028 .om6 .O11o -- .CQ7 .o@3 .0105
.o123 --- .064 .m32 .0U6 -- .05g .0046 .O11o
.0136 -- .094 .oo3g .Ox?g -- .033 .- .0124
.01% -- .E6 .0053 .0150 -- .Wg .0074 .Olu
.CQ13 -- .L* KC&l .0249 -- .201 .- .(XXI4
.02% -- .268 .Oul .cQ83 -- .277 .0130 .Cegk
.0402 -- y: .O1$ .040g -- .345 .ol& .0405
.0553 -- . .0555 -- --- --- ---

.W1 -- 0 0 .Ou-fl -- 0 0 .0068

.0074 -- .019 .0m2 .0071 -- .o16 .Oo11 ---

.0077 -- .o~ .~5 .W5 -- ..033 .- ---

.o@3 -- .C57 .0cQ3 .Cn81 -- .055 .0032 .Uwo

.m% -- .m -~* .- -- .075 .mh5 .e

.o1.31 -- .U8 .(X)44 .0128 -- .UT .* .o128

.0178 -- .161 .cqjg .0179 -- .I.61 SW% .0181

.U243 -- .~l .0073 .=39 -- .204 .@3 .=~l

.030 -- .243 .- .- -- .246 .01C6 .0321

.- -- .= .0U9 .0523 -- .333 .0135 .0!3?7

.ml -- .4q .0151 .0785 -- .&l .ol~ .07go

. IJJ.3 -- .k95 .Oln . U6 -- .512 .CQol .1145

.1519 -- .595 .C215 .197 -- .617 .ce43 .1*

.2037 -- .703 .U?73 .2082 :: :~ .

.2689 -- .823

.-

.-

.-
--
.-
.-
.-
--
.-

.-

.-

.-

.-

.-

.-

.-
--
--
--
--
--
--
.-
=

.0015

.c@8
:~

.0379

.Onb

.01%

.moy

.ml

.0008

.0317

.K$2c

.KQ7

.cdcl

.mp

.cK163

.W81

.O1.11

.0142

.0177

.0217

.ma

JQU

.Olz?
40$

.Oldf

.(X223

.Ollq

.Oki?o

.0%

.-

.W5

.Olm

.Olm

.o117

.012

.(EOO

.0263

.0342

..W

.0805

.U34

.15411
00
.5 .Ole

1.0 .041
1.5 .05s
2.0 .m
3.0 .U20
b.o .1%

2:: $z
8.0 .327
10.0 .41C
t2.o .495
Lb.O .x
16.0 .6%
L8.o .8U2

.

. -L.*3 .CQ03
.688 .Cqi6
.8@ .0

.2059

.2678

Basic airfoil: NACA 16-004
(1) h/t = O

II R-3 .~Oe

I

R=3.5x10S

I

R=2.0U)e I R-l ,Oxl@
“. Tran6iti0n fixed Airfoil clean Mrfoil clean Ml-foil clean

I 1 1

%p c1 %9 % P@ % % w Iw’pl c1I ‘+J % Pi@
I 1

0 10 [0 m)0 0.0153
g .ml~ .ol&

S@ bo3.6 ::%
.X25 .0053 .0199
.1* .0373 .cQ58

-- 0 0 0. Olyl -- 0 0 0.0145
-- .@9 .0c21 .ol~ -- .031 .m24 .01%
-- ;~k .0036 .o164 -- .63 .0042 .o161
-- .033 .0053 .0174
-- :Eg :: .Eq .0075 .0194
-- .193 .008s .CQy -- -l* .q .cqz?
-- .262 .Olm .0335 -- .=0 .o123 .0339
-- :% .gl .04~ -- .3k2 .ol&J .0444
-- . .0576 -- --- --- ---

-.
--
-.
-.
--
-.
--
--
--

--
.5 .034

1.0 .C64
1.5 .095
2.0 ---
3.0 . lgk
4.0 ---

2:: -.L;

.031t

.m34

.cC147
---
.003E
---
---
.C217

--
--
--
-.
--
-.
--

.261 .00s9 .03%

.331 .0133 .0442
A@ .0170 .0576 --

I-H
00

.5 .Om”.mog
1.0 .040 .cx317
1.5 .W .K125
2.0 .Ow .W31.

::: :Z :%G
5.0 .205 .m78
6.0 .246 .0WJ7
8.0 .324 .0131
0.0 .413 .0K8
2.0 Agg .mq
4.0 .585 .w~
6.0 .705 .02xI
8.0 .814 .02

.0s+4

.o147

.012

.Om

-- 0 0 . 0U6 -- 0 0
-- .020 .co13 .Olm -- .019 .cm8
-- .040 .cxYa? .ou?k -- .03-f .Ix@i
-- .W .- .W2 -- .09 .~37
-- .m .0034 .0143 -- .qi3
-- . llg .Oyio .o178 --
-- .160 .0264 .CQ30 -- .163 .Cow
.- .~l .@l .e -- .=3 .-5
-- .243 .Cog6 .0373 ‘- - .246 .0103
-- :~: .0133 .@ -- .328 .o13g
-- .0161+ .OLyll -- .410 .o16g
-- .4$)2 .ol~ .uk7 -- .4g-f .olg8
-- .* .0228 .1555 -- .594 .
-- :~1 se;: .2049 -- .6gg
-- . .269? -- J

.OU.5 - :

.0E3 - -

.0125 - -

.o133 --

.o148 - -

.0183 - -

.Q34 - -

.02g - -

.Ow -“-

.0576 --

.08* --

.1170 - -

.1593 - -

.2107 - -

.2 --

D 0 .0123 --
.(X21 .0032 .0.L35 --
.041 .Oc@? .0140 --
.C%l .CU48 .o14g --
.(MO .0064 .ol~ --
.123 .* .O1* --
.170 .0D93 .cl?~ --
.W .O1o1 .0315 --
.,256 .0U4 .0403 --
.338 .Ol& .ckS15 --
.422 .Olfl .(2875 --
.po .C142 .1228 --
.619 .a~ .1658 --
.-fu .0312 .2183 --
.8- ,.o~ .2892 --

.Orrl

.CQC6

.cQ~

.0316

.0394

:%
.1179

J

.1615

.2K1

.2736—
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TABLE IIo- L~, DRAG, AND PITCHING-MOMENT COEFFICIENTS AND
BASE PRESS& RATIO FOR AIRFOILS TESTED - Concluded

(f) Basic airfoil: NAcA 16-004- Concluded
(2) h/t = 0.3

R=3. 5x108 R-3 .5X10e R=2.0x108 I I

a, Treneition fixed
R-1.OXl&

“7=-F-T=
o 0 0 o.02a-I
.5 .033 .m17

1.0 .CU35 .wi26
1.5. .0g7’ .cY336
2.0 .131 .0046
3.0 .19g .*
h.o .268 .cca5
5.0 .339 .0104
6.o .U3 .0128

0 0
.5 ::; ‘:=

1.0
1.5 .05g .cmo
2.0 .091 .0327
3.0 .I.21 .c?33-l
4.0 .l@ .my

z:: ::$ :Zi
8.0 .333 .0103
.0.0 ,418 .013s
2.0 .W6 .oI.66

.CQlo

.c&t6

.Cz2%

.02y

.0311

.0388

.0493

.c6Q3

.0154
,0155
.01%
.0165
.0178
.0213
.0262
.0326
.0407
.*
.0874
. U08

2: .6% .0235 .21&
.8.0 .7* .0280 .2703

Airfoil clean Airfoil clean Airfoil clean

b~ c1 - ‘~ 1tip’ c1 [ cm cd P@ c1 cm cd

m1.45 0.0174
.45 .033 0.cx)13 .01
.45 .M5 .OCW1 .018
.46 .Q7 .CD29 .ol~
.46 .129 .0032 .cz216
.46 .X .m51 .027
.46 .266 .cK172 .03
.k7 .338 .Ccg7 .0467
.48 .413 .0127 .-

—

-.

Ill
.43 0
.43 .W1 .cK@
.h3 .041 .KJ14
.43 .061 .ocx20
.43 .082 .ocQ3
.44 .E2 .0334
.44 ,163 .0047
.45 .2& .m%
.Lp .249 .(W71
.47 .333 .Olco
,49 ,416 .0130
. y2 .734 .0158
.y .595 .0186
.@ .693 .w24
.@ .803 .a2

\

.012 .46

.0127 .46

.0129 .48
,0138 .48
.o14g .48
.o186 ,W

1
.023 .%
.(2 .%
.0 .60
.O* .%
.08 .53
.ll.a .47
. 15g .43
.21 .42
.272 .42

0

.= ‘.OW

.042 .C014

.062 .WQ1

1
.M3 .-
.123 .Q33i
.166 :2
.205 ~
.250 .ti
.333 .0111
.415 .0135
.* .ol&
.~ .01$$
.703 .0241
.8u5 . 4

.o124

.0128

.0130

.0140

.0148

.o184

1
.cQ34
XQ9-7
.03E1
.0533
.0845
. llal
.1604
.2134
.2770

mo 0.01680.61
.cmo .0174 - -
.03?0 .0179 .*
.0333 .O1* - -
,00% ,ce14 .60
.00% .0275 - -

“.(X)84 a:~ .n
,0113 -.
---- ----

u.~o o
.51 .CX21 .w16
.51 .042 ,cm6
.2 .cP54 .Cc21
.X .034 .0026
.65 .126 ,m47
.65 .171 JM53
.65 .2u .w1
.65 .25 .0084
.61 .3 .0121
.75 ,42 .0156
JJ .& .&o18

.41 : :0268

.40 .8 .0328J
SW: g

.Owg .6g

.Olm .70

.0147 .71

.o182 .70

.U233 .71

.@w .69

.0382 .70

.0% .65

.08~ .x

.1216 .55

.1.66a .53

.22CQ .49

.284 .47

.

.

.

.
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TABLE IIS.- SUMMARY OF RESULTS

% I (i)- I ‘%t=l=vBulk d.a-folx
blcam8xto cf3

tfe . O.&?
M -aJ-kafi2ur-

atim

2? IF
$: [;:[ ::%’

14:27t:ul.Cm
3.97 Llo) .m
Lu Llo o

HL02b.u.ml
!+.13k.lf! .Cc2

3.53 h.cb3) .030
3.5a L06) .m6
3.59 h%) am?
k.m Llxj .aTj
3.57 L06) .m3

Ml

3.76 4.05 .m
3.97 LC6 .037
b.a? L all

Ml& (oslug) 8.8 (8.3) O:; p&?3)
-.. . --- ---

;% [j’q ! (:jj g i:=

--- . ..- .14---
JXT71 ---
.a# (.@) % (ioX

.13---

.12(.11)

all? (.0122) 9.Q (8.8) .22(.22)
.W36 --- ::: --- .rn---

So& [:yj ~.~ (8.0~ : [;~
:% s- lo-?(il:9-

.OoY1 --- a ::- .I.2---

.Oc%l (.-) u.6 (D.?) .ll(.111

b/t-1.0, bic-0 L45 mlt
1.45 w
,1.ks Cleea
I.b Clean
1.93 Salt
1.* C1.auI
1.$0 Clsan
1.* Cleul

3.5
3.3
&.0
1.0
3-5
3.5
2.0
1.0

A - L643 in-a
s/(t/2). 0.0U8 U..a

b/t-0.6, blc - O.@ Lk5 2ut
1.45 Cleea
1.k5 C*
1.45 C!lswi
1.93 mt
1.99 clean
1.99 cl-
1.s9 Clcul

3.5
3.5
E.o
1.0
3.5
3-5
2.0
1.0

3.5
3.5
2.0
Lo
3.5
3.5
2.0
1.9

-1

A -0.635 im.a
I/(t/2)-0.0115fn.a

f

1.k5 -t
1.45 Clesn
L 45 CLASU
1.45 clean
1.* 2alt
1.98 cl-
3..* Cluul
1.* C14al

1.M eut
1.45 Claan
1.\5 Clcen
1.45 Cti
1.* 2alt
1.* u==
1.s9 Clefs
1.* clean

r.CQ1.Cw
.C16
.Olb
.033
ml-l
-m
.OM

.o18

.OIE

.03.8 /

.@

\

.Ou

.a7
au
.01?)

+

.= ( .s)

.15---

.lr---

.16 .15)
[JJ -.UI
-.

% f.io;

J8 A8)
.17---
.14---
-u -15
.12 .I?J1
.u ---
1o----
@’ .lc)

b/t= 0.3,blc-0.05

8

9

lo

A -0.739 in-a
I/(t/2)- O.@ fm.a

bjt-C, bfc- 0.C5 3.5
3.5
2.C
1.0
3.5
3.5
2.0
1.0

A -0.553 in.=
I/(tf2)- C.CC87b.”

.

Q’%-0.6, h/c .0.33 .Olb
.coJ
.Clo
.Cw
.ad
.W3
.Cw
.m

p

.Olb

.Olk

.Clk

.Olb

.cn3

.ouJ

.ml

.CL31

4

.a04
m%?
.0091
.m63
.m%
.Cwe

1
.=.f@
.18 ---
.M! . . .

; :3]
.-.

1.45 alt
1.45 Chna
1.45 clean
1.k5 018M
1.98 alt
1.* Cti
1.g3 C.lsan
1.s-8Chul

::;
2.0
1A
3-5
3.!5
2.0
1.0

3.5
3.5
S.o
1.0
3.5
3.5
2.0
1.0

3.5
3.5
‘2.0
1.0
3.5
3.5
P.o
Lo

WE E$36W.”

hjt-0.3, bie -0-33

a-d

IA
.Oti

:C16

4
:C16

:016 1
JiJ(.19)

.15--:

g ;:$!

.Il---

.13 Jo)

i

1A5 sat
1.45 C3sul
1.45 clean
1.45 Clca!l
1.98 salt
1.98 Claul
1.98 Clce.a
1.s clean

1.45 Wt
1.k5 Clsul
1.b5 clean
1A5 CuslI
:.g salt

I:@ z
1.* c-

LLI
3.% 4.03 .Cm
3.52 4.C3 .015
3.59 4.03 .015

yj ::1 ‘.%

I

$

i% % .C16

U

J.o19.0s

419;

g

.17(.18)

?
.1 ---
.1 ---

; ~!

:: <.Gi

h/t-0, hi.-0.33

u!

A -0.323 W.d
If(tf2) -O.Cm? in.“
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TABLE III.- SUMM4RY OF RESULTS - Continued
.
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TABLE III.- smMhRY OF RESULTS C!clntinued

0.03
*
.0+
.Ob
-03
.Cu
a?
.03
—

.05

.05
<as
.C6
.Oh
d
.Ok
.0!!

1.* CIam
l.h clean

i
1. 2uLt
1. -

A . l.ga ha 1.* ~-

d(w - o.lM3 in.a ,1.* clean

b/t-0.6,b~c-0- L% 281t
1.47 Olnll
1.45 Cleml
1.4’5 w
1.s0 2alt h

4.9(4.8) -- (.kl:
k.E ---------
L9 ---
y] :: ‘-’

-fiJq

*:9::. .!25
b.g(5.2) .26 7G;

5-3(5J) -- (.3’C
5. 3--- .37 ---
%6 -
M (5.%)-:: 7.%1
>.1(5.0) .25 (AI
5.3--- .23 ---
5.k --- .21 ---
>.5(X7 al (.21]

bft -0.3, b/c -0- I 1.W MLt
Clasa
-
Cbsm
mlt
Cleul

-cm
.O’r
-or

:2
-w
-m!

.0359
-mm
-0333’
-oB

:%
.Om

(.0352)
1.4!
1.4:
1.*
1.*
1.*

A - 1.767in.z 1.*
Il(t/23- 0.0%2 inn 1.*

---

---
..-

1

h/t -0, blc - 0.G5 1.’%
1.45

Wt
clean
C18ml
clean
sart

a341
@@
.CQ97
.=95
.Cerf
.OIM
.0276
-elm

I(-03W

\

>.b(5.3) -. (.=
J.s--- -- ---
5.6--- .- ---

[
).8 5.5) .-
).2 N) -- [2
).5--- -- -..
).5--- .21 ---
5.7(5.5] .29 (.=)

1 ---
. 1.45

1.45
1-*

a.

22

23

L*
A . 1.65q in.=
d(tia -0.07’83b.’ S

clean
clean
clean

.

IF
L3 (5-2) -- (S)
!.5----- ---

; g$: :~ [.%j

!- 3--- .= :::
L5 (5.8) -= (.=)

L* (5.4] - - (-35)
~-5----- ---
1.6------ --

S [H) -:iJ [g]
.-. . . .

!.5---.21 - --
‘.8(5.9) .23 (.29)

b/t-0.6, blc-0.33 /;,$; mt
3;
2.0
1.0
3.5
3.5
2.0
1.0

Cle8n
-
Uwn
wt
Clun
-a

::?
2.0
1.0

::;
2.0
1.0t 1

b/t -0, bjc- O.= 1.k5 alt
1.1

3-5
3.5
2.0
Lo
3.5
3.5
2.0
1.0

.075

.076
,-.

z
.C59
.C65

;.0s)
,.@J)
,.Cfm1-m
,.W
,-C551,.-
-m 1

.c@

.W%
---

(.0310)
---

fl
!.5(5.5)
h6---

:8 ;.i)-
[.2 5.3)

.6 -..

:: (;.i)-

45 C1.een
k5 Clsul
45 Clua* .0?01

.a?ob
;Ol&

.Olrf

1.% mt
1.9 CI.Ma

A . 1.559in.= 1.* -
---
(:citi)I/(t/2) -0.0740 h.a 11-*1 Clun

— —
hta: Puwntbse. blicati tbceetlcalTalmn; ~er half or drfasLs W.

.

.
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TABLE III.- SUMMARY OF RESIIIXS- Continued
.

.—

kaflgLv-
msicafrfoil:

bkmwex to ./2 m RuJ@- R, S3k ~
at f on

tjc . 0.oll
Mm mfllica ‘% (*) %mt

bjt . Lo, hf. .0 1.4s W.t 3.5
1.45

;. w:w~ o:w&::.z:\ o:% (0.=3s) g.; (6.4) O:g (0.31)
Clean 3.5

I ~
.-...-.

1.45 C1.aau 2.0 .

7
l.q clean 1.0
L* Wt

;:: ;~] g ~:i %#j [::&Jo\.; ~;j -; E’J

1.99 clean E
A - 1.2C2ha 1.* Clenn ‘2.0 ;: %} ;$ ::21 -: “ -:: ::; :::
I/(t/’2)- 0.0b21he 1.* clean 1.0 . . .016) :%’ ;.&) ::277.5) .19 (.16)

bjt-0.6, hi, -.0.0s 1.45 ml.t 3.5 4.M (4.13) .@ (.027) .WQ6 (.0220)6.6(6.6) .9 (.29)
1.k? Cleen 3.5
1.45 Cleml 2.0 pJ p! Rj Lgl :% :;: E ~~: :3 :::

‘a
1.43 Clwn Lo

\

.0160 (.CIE@ 7.6(7.9) .26 (.25
1.98 salt 3.5 Llb (G2) .0A9 .0261 .olb.5(.Ow) 6.4(6.2) 1.21 (.19
1.M cm 3.5 k.o k.le)

I

.m?l
A - 1.l&3in.” :=

.0121 --- .17 ---
1.98 cl- 2.0 tLo5 4.12) .W1 u :::

I/(t/2)- 0.0k07@.s
.17 ---

1.* cl- 1.0 4.05 k.u?) .Wb :% (-.il(i)7.0(7.7) .18 (.M

tit-0.3, b/c- 0.0S 1.45 mt 3.5 3.94(b.oq .034

h

.030)
1.1$5c- 3.5

.0167 (.01?2)7.6(7.4)

17

3.56 b.c-s) .C@
;% (.26)

.030 .OAM ---
1.65 clam

8.4 --- .-.
2.0 3.99 4.@ .09 .032

26 ‘~ l.b~ Clcul 1.0
.Olel --- 6.4 ---

4.05 b. .034 .030

1.99 =+J 3.56 LC6 .CG2 (Sg Z &l ::;y91 g ‘H
1.* Chwl ?:; 3.?6 b.c6 &?3

A - l.o47ln,a 1.90 Clnsn 2.0 b.w b.ti ,m
I/(t/e).0.0283in.@ 1

.029) .0093 --: 7:8 --: .lb :::
1.* c3.0=1 1.0 4.@ &.06) .031 .0291 .0B3 (.0m2) 7.3(8.5) .L4 (.lh)

b/t.0, b/c.0.05 l.ky Wt 3.5

4 \

3.91 4.CO) .C+4 .035)
1.k5 clear! 3.5

,.08 Lx, 2 %1 E :~2 !! ;:’ ~ ‘;;

3.s9 k.a))
1.h5 clean 2.0 3.94 b co)

27
1.k5 clean 1.0
1.99 2alt 3.5
1.99 Cle= 3.7 ;:$ 1;:%] :%$ :%

h

;% (:m4) :::!7:J :;; [::;

A.o.39ha
?

1.* Clenu 2.0
Ij(tlz. o.ce34ha 1.* Clnen 1.0 ::g [;::] -~ :;3 :% ;=, ;:: ;,:6; :: :(:=)

h/t.0.6, hf. . O.w 1.45 Wt 3-3
1.45 cl- 3.5 ::5 w] :s :%1 :%2 ‘:~) ;: ‘::): ::? J::)
1.45 clean 2.0

?2 w % I
S!42] ~Q&~ i~~) 8:2(9.1, :2 :(;+20 1.45 Cleoll 1.0

1.* :y& 3.5 --- --- --- --- --- --- - -- --- ---
~.w

A - 1.0% io.a
3.5 --- --- --- --- --- --- - -- --- --- ---

1.90 Cleen 2.0 --- --- - --- --- --- ---- -- --- --- ---
I/(t/2).0.- ha 1.98 Cleea 1.0 --- --- --- -.. .-. --- - -- .-. --- ---

h/t-0.3, b[c-0.30 1.45 mlt 3.5

I

3.91 4.06) .0?s .W1 .0157 (.012} ‘J.;(7.9)
l.hs clean 3.5

1 I

I

.27 (.2b)

1.45 Cleau 2.0 2:2 t% ;% :%! :%: ::: EL ::: ::? :::

w
1.45 churl 1.0 !%10 :.Cj)
1.92 Sdt

.027)
:%Z i:%] :::[N -.i8- [:%1

L.* Clnul ~:~ ;:: ::4 %J %%\ SC& ~-- :.; --- .15 ---
A - 0.9% lU.S 1.98’cl-em-.
I/(t/2)- 0.@35 In.s L.* cm 1:0 h:ol G3) .Ce2

.15 ---
.C25) .C@l (.=) 6:5C9.li .15 (.U)

hft-0, bjc= O.~ L.45.Wt 3.3
1.45 Cleun 3.5 ::; (~:;) g :%) :%; ‘:”-Y?);:: (H. g };??
1.W clean 2.0

I 3J
.031

30
pJ Cwle l-o 3:79 4:M) .045 .0

\ ~1
;:$ ~:;~ :% :%

:% (:y?) $; [7.81 ;$ 1!$
:Z (:&l) R ;.;-

1:93 clean H
A - o.8b2ti.=

.-. .-.
1.s6 cl.c@n 2.0

I/(t/2)
.030 .0262 --- 9:8 --- s ---

- 0.0104in. ~ 1.90 cm 1.0 3:75 4:W) .035 .030) .O%k (.W70) 9.6(9.1) .12 (.L3)

h: WentheOeu wcate theoreticalnluea3u2wr halforairfoilsstub-a.

.

.
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KMBLE III.- SUMWRY OF RESULTS - Concluded
..—.— — .....—-.—... ..-
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l.- Floating beam
2.- Normal-force gage
3.-Rolling-moment gage 9*-
4.- Pitching-moment gage lo.-
5.- Side-force gage U. -
6.- Pin connecting model 12.-

Shank to floating beam 13.-
7*- Chord-force gage 14.-
8.- Model shank 15.-

Worm-gesr drive mechamlsm

Balance housing

Two-tHmensiom3J- model

Rotating circul= plate

Fairing

Bound~-lsyer plates

Main tunnel walls

Figure 1.- Side-support balance with a typical two-dimensional model
installation.
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place

(b) Model with seal.

Figure 2.- Details of the junction between
layer Tlate.

the wing and the boundary-
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,

.

.

-.

>++
+b

:=6=1’-2

b= length of bootfu// section
h=trailing-edge thickness
t=ofrfoll thickness

{f) Biconvex

@4, +

(2J B/convex to $

~J--== +

$ + ~.05c
_______ <-=---------.— .—. —- —.

_==_=-=._==-

; =.04, h-= /,0,t g= .05
.6 .5
.3
0

(3) Biconvex fo ~

.—-—. —.—

$=.02, +La +.05
.04 .6 .33
.06 .3

0

[4) NACA 16-004

-— -—-— -— .— -

$-.04, +=0
.3

[5) Model used to evofuute
wave drag of salt ~ *

t

$

SOH band
~./8O”

~-f

; =.06, AR=2, “C=6=

Figure 3.- Meth@3 of desi~ting airfoils and summ~ sketch of models
(not to scale).
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(a) Effect of gap on lift end pttchingm-nt.

Figore 4.- Effect of gap on llfii, drag, -Pitching moment or smlapm model; M = 1.98.
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.

40

.36

.32

.28

.24

20

.16

.04

0

0 With gap

13 Gap sealed

\
I

\ I

.36

-.32 0 $

.28 ?

\ \ /

24 /

\, /

20
k

)

f.
\ r

.16
k!

\ - & # J-... r

J2 /

\ /
/

Rs35xloG
.08

.04
b (

--c — , =s= —

n.
-a --6 -4 :2 0 2 4 .6 .8

LiftcoefficientCL

(b) Effect of gap on drag.

Figure 4.- Concluded.
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1.0

.8

.6

4

.2 ,.
u-
\*
~

A f/C= .06,Wf =0, &/c “.33

.2 0
● ■A Shock-expansion theory

?
Q.)
8

~ -2 A

-.4

-.6

-.8’

=E5$= —

-Lo
+6 -12 -8 -4 0 4 8 /2 16

Angle of ottuck, a

.

Figure 5.- Typical variations of lift coefficient with angle of attack;
M = 1.98, transition fixed, R=3.5x106.
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.06 04.020-.(72 -04 -06

Piiching-mmwi cwfficient, G

(a) Thickness effect; h/’k. = O, b/c =0.33.(b) 9?raiUng-edgebluntness effect; t/c = 0.06.

~igure 6.- ~icd var~ationfi of pitching~oment coeffi.cien% with l~ft coefficient; M = I-.98,
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Figure 9.- Variation of lift-curve slope with trailing-edge bluntness for
.sU models tested; R = 1.0, .2.0,and 3.5 million, M = 1.45 and 1.98.
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Figure 15.- Concluded.



mm m 4039

.

●

.

.

Basic airfoil:
o Biconvex to c/3,tA =.02
El f/c =.04
Q )!/C=.06
A Biconvex to c13,flc=04

-ii Q Biconvext21c=.04

M=L45Iklzmh3
so 4 8 /2 /6
Q Theoreficaf maximum lift-drag ratiq

LVdkax

(a) Transition fixed, R=3.5x108.

?
M=I.45

o 4 8 12 /6
Theoretical maximum lift -drag rofio,

(7/d~oX

w

a
?

IW=I.98

o 4 8 /2 i6
Theoretical maximum lift- drug ratiq

[i/d~OX

(b) Airfoils clean, R.l.OxlOe.

Figure 16.- Correlation between theoretical and experimental maximum
lift-drag ratios.

NACA-LaI@ey


